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PEEFACE. 

The Addresses, Lectures, and Essay.s gatliered to- 
getlicr in this volume have npp(iarcd'at intervals 
during the past seven years, and i dan give no better 
reason for republishing them in their })resent form, 
tlian the fact that three earlier collections of a similar 
‘nature have been received with favour, and, indeed, 
have not yet ceased to be in rctpiest. 

1 beg leave to offer my best thanks to the Editors 
and Publisliers of tlie various publications in which 
these pieces have appeared, for their kindly accorded 
permission to reprint them. 


London. OUoher 1881 . 






CONTENTS. 

I 

SCIRNnE AND CULTURE. 

An Address delivered at the Opening; of Sir Josiali Mason’s Science College, 
at llirmiiighaui, on the Lst of October 1880 . I’agi-s 1 to 211 


II 

UNIVERSITIES : ACTUAL AND IDEAL 

The Inaiigiiral Address of the Lord Hector of the University of Aberdeen, 
27tli lebniuiy 1874 . — Contemporaiy Llcmu\ 1874 . 24 to C4 


TIL 

TECHNICAL EDUCATION. 

An Address delivered to the Working Men’s Club and Institute, 
1st December 1877 . — Nineteenth Century^ 1878 . G5 to 85 


IV. 

ELEMENTARY INSTRUCTION IN PHYSIOLOGY. 

Read at the Meeting of the Domestic Economy Congress at Hirming- 
ham, 1877 ... . 8G to 03 



CONTENTS. 


viii 


V. 

JOSEPH PHTESTLEY, 

An Address delivered on the occasion of the Presentation of a Statue of 
Priestley to the Town of Birniinghaiii, on the 1st of August lS74. 
— Macmillan's Ma<jicdne^ 1874 . . Pages 04 to 1:^7 


VI. 

ON THE METHOD OF ZADTO. 

A Lecture delivered at the Working Men’s College^ (heat Ornumd Street, 
1880 . — Nineteenth Cuiturijf IHSO . ^ . liibtollj) 


VII. 

ON THE BORDER TERRITORY P>^:T^^T.EN THE AXniM. AND THK * 
VKiiElAlH.E KLN(;D()MS. 

An Evening Lecture ;it tin* Ho\al Iii'lilutioii, Eiiilay, January it'. 
\HHj.—Marmillan's Mnjadnc, Ibll . . 1 Jl) to 17!) 


VIII. 

ON CERTAIN ERRORS RESPE(;T1N(; THE STRUCTURE OF THE HEART 
AITRIRUJ EJ) TO AJaSTuTEE. 

Nature, 6th November 1879 . . , 180 to IDt^ 


. IX. 

ON THE HYPOTHESIS THAT ANLMALS ARB AUTOMATA, ANT) ITS 
HISTORY. 

An Address delivered at tlie Meeting of tlic British Association for llio 
Advancement of .Science, at Belfast, 1674.— Furtnyhlly IteeUtf, 

liit) to 2)'' 



CONTENTS. 


IX 


X. 

ON SENSATION AND THE UNITY OF STKUCTURE OF TUE 
SENSIFEROUS ORGANS. 

An Evening Lecture at the Royal Institution, Friday, March V, 1879. 
—Nineteenth Centuryj 1879 . . Pages 246 to 273 


XL 

EVOLUTION IN BIOLOGY. 

The Encyclopedia Britannica^ Nintli Edition, vol. viii. 1878 274 to 309 


XII. 

THE COMING OF AGE OF “THE ORIGIN OF SPECIES.’' 

An Evening Lecture at the Royal Institution, Friday, 9th April 1880. 
—Nature^ 1880 . . . . . 310 to 824 


XI IT. 

THE CONNECTION OF THE IIIOLOGTCAL SCIENCES WJTir MEDICINE. 

An Address delivered at the Meeting of the Inteinatiouiil Medical 
Congress in London, 9th August 1881 . . 325 to 349 







)>V 


I. 

SCIENCE AND CULTURE. 

Six years acjo, as sonic of my present; hearers may 
remember, I liad ilio privilege of addressing a large 
asscmldage of (lie inlialntants of this city, who liad 
gathered togetln'r to do honour to tlie memory ot- 
their famous townsman, Joseph IViestleyC if 
any satisfaction attaches to posthumous glory, we 
may hope that the manes of the burnt-out ])hiloso})her 
were then finally appeased. 

No man, however, Avho is endowed with a fair 
share of common sense, and not more than a fair share 
of vanity, Avill identify either contemporary or post- 
humous fame with the highest good ; and Priestley's 
life leaves no doulit that he, at any rate, set a much 
higher value upon the advancement of knowledge, 
and the promotion of that freedom of thought which 
is at once the cause and the consecjuencc of intel- 
lectual progress. 

Ilencc I am dfepostd to think that, if Priestley 
could be amongst us to-day, the occasion of our 
meeting would afford him even greater pleasure than 
the proceedings which celebrated the centenary of his 
^ See Jt Fneslky, p. 94, infra. 
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cliief discovery. Tli(^kiiidly lieart would be moved, 
tlie high sense of so^ duty would be satisfied, by 
tlic spectacle of well-eii..ed wealtli, neither s(|uaiideroJ 
in tawdry luxury and vainglorious show, nor scatten'd 
with the careless charity which 1 desses neither him 
that gives nor him that takes, but expended in the 
execution of a well-considered })hin for the aid of 
present and future generations of those who are willing 
to help tlnunselves. 

We shall all be of one mind thus far. ]>ut it is 
needful to share Priestley s keen intiTest in j>h\sieal 
science; and to have learned, as lui liad learned, tlu' 
value of scientific (raining in fields of impiiry appa- 
rently far remote from physical science; in ordi'r lo 
appreciate, as he would have ai)})reciated, the valuy 
of the mdde gift which Hiv Josiah Mason has bestowed 
upon the inhabitants of the Midland district. 

For us children of the ninet(‘enth conturv, however, 
the establishment of a college under the conditions of 
tSir Josiah Mason s Trust, has a significance apart from 
any w]ii(!h it could have possessed a hundred years 
ago. It appears to be an indication that we are reach- 
ing the crisis of the battle, or rather of the long series 
ot battles, which have been fought over education in 
a cani])aign which began long befon^ Priestley’s time, 
and will ju’obably not be finished just yet. 

In tlie last century, the combatants were the 
champirms of ancient literature, on the one side, and 
those of modern literature on the other; but, some 
thirty years ^ ago, the contest became complicated by 

* The advocacy of tlie introduction of physical science into general 
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tlie appearance of a tliirJ army, ranged round the 
banner of Physical Science. 

I am not aware that any one has autliority to 
speak in the name of tins new host. For it must be 
admitted to be somewhat of a guerilla force, composed 
hirgidy of irregulars, each of whom fights pretty much 
for his own hand. But tlic impressir)ns of a full pri- 
vate, Avho has seen a good deal of service in the ranks, 
resp('eting the present position of affairs and the con- 
ditions of a i)ermanent peace, may not be devoid of 
interiist ; and I do not know that I could make a 
better use of the present opportunity than by laying 
tjicm before you. 


, From tlie time tliat tlic first suggestion to intro- 

OO 

•luce [)liysi(;al suioiicft into onliinny oclucation was 
‘liraidly wliispcred, until now, the advo(!ati.'s of scien- 
tific education have met with opposition of two kinds. 
On the one hand, they liave been jiooli-poolied by the 
men of business who pride them.selves on being tlie 
re[)resentatives of i)i'actieality ; wliile, on the otlicr 
hand, tliey liave been excoinraunicated by the elassieal 
scholars, in their capacity of Levites in charge of the 
ark of culture and monopolists of liberal education. 

Ihe practical men believed that the idol whom 
they worship— rule of thuml' —has been the source of 
the past prosperity, and will suffiee for the future 
welfare of the arts and manufaetures. They were of 

education ty George Combe and others commenced a good deal 
earlier ; but tlie movement had aciiuirod hardly any practical force 
before the time to which I refer. 
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opinion that science is spccnlativx rubbish ; that 
theory and practice have notliing to do with one 
another ; and tliat tlic scientific habit of mind is an 
impediment, rather than an aid, in the conduct of 
ordinary aftairs. 

I liave used the past tense in speaking of the 
practical men — for althoiigli they were very formid- 
al)lc tliirty years ago, I am not sure that the })ui*ii 
species has not been extirpated. In fact, so far as 
mere argument goes, they have l)een sul>je<*ted to 
sucli a feu d'enfer that it is a miracle if any havi' 
os(*aped. lUit T have remarked tliat your typical 
practical man has an unex])('ct(‘d r(‘si*ml)laiice to on^' 
of ililtous aiigids. His sj)iritual wounds, sudi as are 
indicted by logical weapojis, may 1m‘ iis (bn^p as a welj 
and as wide as a eliurch door, but beyond sluMldino* a 
f(‘W di‘o])s of ielior, c(d(‘stial or otherwise, he is no 
whit the Worse. 80, if any of these o[»[)(»nents lu} lefi, 

I vill not waste time in vain repetition of the denioii- 
strative evidence of tln^ practical value of scieiict*; but 
knowing that a parable will sonu'tinies pem^tratc 
where syllogisms fail to elfect an entrance, 1 will oiler 
a st(ny for their consideration. 

Once upon a time, a boy, with nothing to depend 
upon but his own vigorous nature, was thrown intu 
the thick of the struggle for existema.', in the midst ol 
a great manufacturing population, lie seems to have 
Ijad a hard fight, inasmucli as, l)y the time he was 
thirty years ol age, his total di.sposable funds amoiiiitt“‘l 
to twenty poiuids. Nevertheless, iniddhi life found 
him giving j^roof of his comprehension of tlie ja’actical 
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problems lie had been roughly called upon to solve, 
by a career of remarkable prosperity. 

Finally, having reached old age witli its well- 
earned surroundings of “honour, troops of friends,” 
the hero of my story bethought himself of those who 
were making a like start in life, and how he could 
stretch out a hel[)ing hand to them. 

After hnz and anxious reflection this successful 
practical man of business could devise nothing better 
than to provide them with the means of obtaining 
“ sound, extensive, and practical scientific knowledge.” 
And he devoted a large part of his wealth and five 
years of incessant Avork to this end. 

I need not point the moral of a talc which, as the 
solid and spacious fabric of the Scientific College 
assures us, is no fable, nor (‘an anything whi(.*h I could 
say intensify the forc'c of this practical answer to 
practical objections. 

We may take it for granted then, that, in the 
opinion of those bi^.st (pialificd to judge, the diffusion 
of thorough scientific education is an absolutely 
essential condition of industrial progress; and that 
the College Avhich has been opened to-day will confer 
an inestimable boon upon those Avhosc livelihood is to 
be gained by the practice- of the arts and manufac- 
tures of the district. 

Ihe only question worth discussion is, whether 
the conditions, under which the Avork of the College 
is to be carried out, are such as to give it the best 
possible chance of achieving permanent success. 



6 


SCIENCE AND CULTURE. 


[lect. 

Sir Josiali Mason, witlioiit doubt most wisely, lins 
left very large freedom of action to the trustees, to 
whom he proposes ultimately to commit the adminis- 
tration of tlie College, so that tliey may be able to 
adjust its arrangements in accordance witli the chang- 
ing conditions of the future. But, with respect to 
three points, lie has laid most ex}»licit injunctions 
upon both administrators and teachers. 

Party politics arc forbidden to eiit(‘r into the 
minds of eitln'r, so far as the work of the Colh'ge is 
concerned; theology is as sternly banishc<l from its 
precincts; and finally, it is especially declar'd that 
the College shall mak(5 no ] provision for nnu’c literary 
instruction and education.'’ 

It does not concern me at present to dwell u])on- 
the first two injunctions any longcn- than may be 
needful to express my full conviclion of llicir wisdom. 
But tlie third [U’ohibilion brings us facai to face with 
those otlier opponents of scientifK* education, who aiv 
by no means in the moribund condition of the practi 
cal man, but alivi*, alert, and formidable. 

It is not impossible that we shall Insar this express 
exclusion of ^‘litm’ary instruction and education’’ 
from a College which, nev'crtlieless, profess(\s to glv(‘ ;i 
high and efticieait education, sharply criticised. fVr- 
taiiily the time was that tire Levites of (!ulture would 
have sounded their trumpids against its walls as 
against an (jdiicational Jericho. 

How often have vve not been told that the study 
of physical science is incompetent to confer culture; 
that it touches none of the higher problems of life; 
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and, what is worse, that the continual devotion to 
scientific studies tends to generate a narrow and 
bigoted belief in the applicability of scientific methods 
to the search after truth of all kinds. How frequently 
one has reason to observe that no reply to a trouble- 
some argument tells so well as calling its author a 
“ mere scientific specialist.'' And, as I am afraid it 
is not permissible to speak of this form of opposition 
to scientific education in the past tense ; may we not 
expect to be told that this, not only omission, but 
proliibition, of mere literary instruction and educa- 
tion” is a patent example of scientific narrow- 
ijiindedness ? 

I am not acquainted with Sir Josiah Mason's 
reasons for tlie action whi('h he has taken ; but if, as 
I apprehend is the case, he refers to the ordinary class- 
ical course of our schools and universities by the 
name of “ mere literary instruction and education,” 
I venture to offer sundry reasons of my own in sup- 
port of that action. 

For I hold very strongly by two convictions—- 
Tlic first is, that neither the discipline nor the subject- 
matter of classical education is of such direct value to 
the student of physical science as to justify the ex- 
penditure of valuable time upon either ; and the second 
is, that for the purjiose of attaining real culture, an 
exclusively scientific education is at least as efiectual 
as an exclusively literary education. 

I need hardly point out to you that those opinions, 
especially the latter, are diametrically opposed to 
those of the great majority of educated Englishmen, 
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iiiflucncecl as they arc by school and uiuversity tradi- 
tions. In tlieir belief, culture is obtainable only l)y a 
liberal education ; and a liberal education is synony- 
mous, not merely with education and instruction in 
literature, but in one particular form of literature, 
namely, that of Greek and Roman antiquity. They 
hold that the man who has learned Latin and Greek, 
however little, is educated ; while he who is versed 
in other branches of knowledge, however deeply, 
is a more or less respectable specialist, not admissibhi 
into the cultured caste. The stanq) of the educated 
man, the University degree, is not for him. 

T am too well acquainicd with the generous catho.-, 
licity of spirit, the true sympathy with scientific 
thought, which pervades the writings of our chief 
apostle of culture to identify him with these oj)inions ; 
and )X‘t one may cull from one and another of thosi' 
epistles to the rhilistines, which so much delight all 
who do not answer to that name, sentences which 
lend tliem some sujq)ort. 

Mr. Arnold tells us that the meaniiK<' of culture is 

O 

‘‘to know the best that has been thought and said in 
the world.” It is the, criti(*ism of life contained in 
literature. That criticism regards “ Lurope as being, 
for intellectual and spiritual pu]*j)oses, one great con 
federation, bound to a joiirt action and working to a 
common result; and vhose meinlxu's hav(‘, for their 
common outfit, a knowh'dgcj of Greek, Roman, and 
Eastern antiquity, and of one another. Special, local, 
and temporary advantages being put out of account, 
that mud(irn nation will in the int(*llectual and spiritual 
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sphere make most progress, winch most thoroughly 
carries out this programme. And what is that but 
saying that we too, all of us, as imlividuals, the more 
thoroughly we carry it out, shall make the more 

Q » 1 

progress { 

We have here to deal with two distinct proposi- 
tions. The first, that a criticism of life is the essence 
of culture; tlie second, that liteiature contains the 
materials which suffice for the construction of such a 
criticism. 

I think that we must all assent to the first pro- 
position. For culture certainly means something cpiite 
dilferent from learning or technical skill. It implies 
the possession of an ideal, and the habit of critically 
esliinating the value of things by comparison 
with a theoretic standard. Perfect culture should 
supply a complete theory of life, based upon a clear 
knowledge alike of its possibilities and of its limita- 
tions. 

Put we may agree to all this, and yet strongly 
dissent from the assumption that literature alone is 
competent to supply this knowledge. After having 
learnt all that Greek, Roman, and Eastern antiquity 
have thought and said, and all that modern literatures 
have to tell us, it is not self-evident that we have laid 
a suflieientJy broad and deep foundation for that criti- 
cism of life which constitutes culture. 

Indeed, to any one acquainted with the scope of 
physical science, it is not at all evident. Considering 
progress only in the “intellectual and spiritual sphere,’* 

‘ Essays in Griticismy p. 37. 
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I find mysc'lf wliolly unable to admit that citlier 
nations or individuals will really advance, if their 
common outfit draws nothing from the stores of 
physical science. I should say that an army, without 
weapons of prc'cision and with no particular base of 
operations, might more hopefully enter u])on a cam- 
paign on the llhine, than a man, devoid of a know- 
ledge of what j)liysical science has done in the last 
century, upon a criticism of life. 

When a biologist meets witli an anomaly, ho in- 
stinctively turns to the study of development to clear 
it up. The rationale of contradictory opinions may 
with ecpial confahuicc be sought in history. 

It is, happily, no new thing that Englishmen 
should employ their wealth in building and endowing 
institutions for educational purposes. Ihit, five or 
six hundred years ago, deeds of foundation express(al 
or implied conditions as nearly as possible contrary 
to those which liave been thought expedient by Sir 
Josiah i\Iason. That is to say, physical science was 
practically ignored, while a certain literary training 
was enjoined as a means to the accpiirenient of know- 
h'dge which was essentially theological. 

The reason of this singular contradiction between 
the actions of men alike tmimattal by a strong and 
disinterested desire to promote the welfare of their 
iellows, is easily discovered. 

At tliat time, in fact, if any one desired knowledge 
beyond such as could be obtained by his own observa- 
tion, or by common conversation, his first necessity 
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was to learn tlie Latin language, inasmuch as all the 
higher knowledge of the Avestern world was contained 
in works Avritten in that language. Hence, Latin 
grammar, Avith logic and rlietoric, studied through 
Latin, Avere the fundamentals of education. Witli 
respect to tlie suhstance of the knoAvledgc imparted 
througli this (duinnel, the Jewish and Christian Serip- 
tures, as interpreti^l and supplemented l)y the Romish 
Cimrch, Averc licld to contain a complete and infallibly 
true body of information. 

Theological dicta AA'crc, to the thinkers of those 
days, that Avhich the axioms and definitions of Euclid 
iW'c to tlie geometers of these. The business of the 
philosophers of tlie middle ages AA'as to deduce from 
tlie data furnished by the theologians, conclusions in 
accordance Avith ecclesiastical decrees. They were 
allowed the high privilege of showing, by logical 
process, how and Avhy that Avliicdi the Church said 
was true, must be true. And if their demonstrations 
fell short of or exceeded this limit, the Church Avas 
maternally ready to check their aberrations, if need 
jbe, by the help of the secular arm. 

" Between the two, our ancestors Avere furnished 
with a compact and complete criticism of life. They 
weie told hoAv the Avorld began and Iioav it Avould 
®nd , they learned tnat all material existence Avas 
but a base and insignificant blot upon the fair face 
^ the spiritual world, and that nature was, to all 
intents and purposes, the playground of the devil; 
they learned tliat the earth is the centre of the visible 
Universe, and that man is the cynosure of things 
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terrestrial ; and more especially was it inculcated that 
tlic course of nature had no fixed order, but that it 
could be, and constantly was, altered by the agency 
of innumerable spiritual beings, good and bad, accord- 
ing as tliey were moved l)y the dt‘cds and prayers of 
men. Tlie sum and substance of tlic whole doctrine 
was to produce tlie conviction that tlie only tiling 
really worth knowing in this world was how to secimj 
that place in a bethu* which, under certain conditions, 
the Cliureh promised. 

Our ancestors liad a living belief in this theory of 
life, and acted upon it in their dealings with educa- 
tion, as in all other matters. Culture meant saintlv 
ness — after the Aishion of the saints of those days; 
the education that led to it was, of necessity, theolo- 
gical ; and the way to theology lay through Latin. 

That the study of nature — further than Avas re(|iii- 
site for the satisfaction of everyday wants--shoul<i 
have any bearing on human life was far from the 
thoughts of men thus trained. Indeed, as nature had 
been cursed for man's sake, it was an obvious (Conclu- 
sion that those who meddh.'d with nature Avere likely 
to come into pnTty close contact with Satan. And, 
if any born scientific inv(*stigator followed Ids instincts, 
he might safedy reckon upon earning the reputation, 
and ]U’obably upon suffering the fate, of a sorcerer. 

Had tlie western wcjrld been left to its(‘lf in 
fdiinesc isolation, there is no saying how long thi^ 
state of things might liave endured. But, happily^ 
it was not Mt to itself. Even earlier than 
thirteenth century, the (hivclopmcnt of Moorish civili* 
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sation in Spain and the great movement of the 
Crusades had introduced the leaven which, from that 
day to this, has never ceased to work. At first, 
through the intermediation of Arabic translations, 
afterwards, by the study of tlie originals, the western 
nations of Europe l^ccame acquainted with the writ- 
ings of the ancient philosophers and poets, and, in 
time, with the whole of the vast literature of antiquity. 

Whatever there was of high intellectual aspiration 
or dominant capacity in Italy, France, Germany, and 
England, spent itself for centuries in taking possession 
of the rich inheritance left by the dead civilisations 
qf Greece and riuine. Marvellously aided by the 
invention of printing, classical learning spread and 
flourished. Those who possessed it prided themselves 
on haviim attained the highest culture then within 

O O 

the reach of mankind. 

And justly. For, saving Dante on his solitary 
pinnacle, there was no figure in modern literature at 
^the time of the licnascence to compare with the men 
of antiquity ; there was no art to compete with their 
sculpture; there was no physical science but that 
which Greece had created. Above all, there was no 
other example of perfect intellectual freedom — of the 
unhesitating acceptance of reason as the sole guide to 
truth and the supreme arbiter of conduct. 

The new learning necessarily soon exerted a pro- 
found influence upon education. The language of 
the monks and schoolmen seemed little bettor than 
gibberish to scholars fresh from Virgil and Cicero, 
md the study of Latin was placed upon a new 
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foundation. Moreover, Latin itself censed to afford 
tlic sole key to knowledge. The student who souglit 
the higliest tliouglit of antiquity, found only a second^ 
liand reflection of it in Komnn literature, and turned 
his face to the full light of the Greeks. And after a 
battle, not altogether dissimilar to that which is at 
present being fought over the teaching of physical 
science, the study of Greek was re(iognised as an 
essential element of all higher education. 

Thus the llumanists, as they were calKal, won tin* 
day; and the great reform wliich they effected was of 
incalculable service to mankind. Jhit the Nemesis of 
all reformers is finality ; and the reformers of edueiv 
tion, like those of religion, fell into the profound, 
however common, error of mistaking the beginniiiLi 
for the end of the work of rcTormation. 

The ivpresentatives of the Humanists, in tln' 
nineteenth century, tak(i their stand upon cla.ssieni 
education as the sole avenue to culluri‘, as firmly as if 
we were still in the ago of Renascence. Yid, sundv, 
the present intellectual relations of the modern ainl 
the ancient worlds are profoundly diflerent from 
those which obtained three centuries ago. Leaviiii^ 
aside the existence of a great and characteristically 
modern literature, of modern painting, and, especially, 
of modern music, there is omj feature of the prestait 
state of the civilised world which separates it nioiv 
widely from the Renascence, than the Renascence was 
separated from the middle ages. 

Ihis distinctive character of our own times lies ia 
the vast and constantly increasing j^art which i^ 
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played by natural knowledge. Not only is our daily 
life shaped by it, not only does tlie prosperity of 
millions of men depend upon it, but our whole theory of 
life has long been iiiduenced, consciously or uncon- 
sciously, by the general conceptions of the universe, 
wliich have been forced upon us by physical science. 

In fact, the most elementary ac(|uaintance with 
the results of scientific investigation shows us that 
they offer a l)road and striking contradiction to the 
oj)inions so implicitly credited and taught in the 
middle ages. 

The notions of the beginning and tlic end of the 
world entertained l)y our forefathers are no longer 
credible. It is very certain that the earth is not the 
chief body in the material universe, and that the world 
is not subordinated to man s use. It is even more 
certain that nature is the expression of a definite 
order with which nothing interferes, and tluit the 
chief business of mankind is to learn that order 
and govern themselves accordingly, lloreover this 
scientific “ criticism of life ” presents itself to us with 
different credentials from any other. It appeals not 
to authority, nor to what anybody may have thought 
or said, but to nature. It admits that all our inter- 
pietations of natural fact are more or less imperfect 
and symbolic, and bids tho learner seek for truth not 
among words but among things. It warns us that 
the assertion which outstrips evidence is not only a 
blunder but a crime. 

The purely classical education advocated by the 
representatives of the Humanists in our day, gives no 
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iiildiiiff of all this. A man may bo a better scholar 
than Erasmus, and know no moro of the chief causes 
of the present intellectual fermentation than Erasmus 
did. Scholarly and pious persons, worthy of all 
respect, hivour us with allocutions upon the sadness 
of the antagonism of science to their medimval way 
of thinking, which betray an ignorance of the first 
principles of scientific investigation, an incapacity for 
understanding what a man of sci(‘nce means liy 
veracity, and an unconsciousness of the W(*iglit of 
estaldished scientific truths, whhh is almost comi('al. 

There is no great foive in tlie tii qnoquc argument, 
or else the advocates of scientific ediicati(m migli^ 
fairly enough retort iitMUi the modern Ifumanists that 
they may be learned specialists, but that tliey possess 
no such sound foundation for a ciiticism of life 
deserves the name of culture. And, indeed, if W(‘ 
were disposed to be cruel, we might urg(i that tlio 
Ifumanists have brought this rejiroach upon tlicni- 
selves, not Ixaaiusc they are too full of the spirit of 
the ancient Greek, but because tiny lack it. 

The period of the Ihmascence is commonly (‘ailed 
that of the “Revival of LetUms,” as if the inlliKuias 
then brought to bear upon the mind of W(\stei*n Eurot>e 
had been wholly exhausted in the field of literal ure. 
I think it is very commonly forgotten that the revival 
(jf science, effected by the same agcn(*,y, although loss 
conspicuous, was not less momentous. 

In fact, the few and scattered students of nature 
of that day picked up the clue to her secrets exactly 
us it foil from the hands of the Greeks a thousand 
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years before. The foundations of mathematics were 
so well laid by them, that our children leam their 
geometry from a book written for the schools of Alex- 
andria two thousand years ago. Modern astronomy 
is the natural continuation and devclojiment of the 
work of Hi[)parchus and of Ptolemy ; modern physics 
of that of IJcmocritus and of Archimedes ; it was Iona 
before modern biological science outgrew the know- 
ledge bcepieathed to us by Aristotle, by Theophrastus, 
and by (lalcn. 

We cannot know all the best thoughts and sayings 
of llie Greeks unless we know what they thought 
about natural phenomena. We cannot fully appre- 
hend thcii- criticism of life unless we understand the 
extent to which that criticism was aftected by 
scientific conceptions. We falsely pretend to be the 
inheritors of their culture, unless we are j)enetratcd, 
as the best minds among them were, with an unhesi- 
tating faith that the free employment of reason, in 
accordance with scientific method, is the sole method 
of reaching truth. 

Thus I venture to think that the pretensions of 
oui modern Humanists to the possession of the 
monopoly of culture and to the exclusive inheritance 
of the spirit of antiquity must be abated, if not 
abandoned. But I should J»e very .sorry that any- 
thing I have said should be taken to imply a desire 
on my part to depreciate the value of classical educa- 
tion, as it might be and as it sometimes is. The 
native capacities of mankind vary no less than their 
opportunities ; and while culture is one, the road by 
0 
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which one man may best reach it is widely different 
from lliat which is most advantageous to another. 
Again, wliile scientific education is yet inchoate 
and tentative, classical education is thoroughly well 
organised upon the practical experience of generations 
of teachers. So that, gi\'en ample time for learning 
and destination for ordinary life, or for a literiiry 
career, I do not think that a young Englishman in 
search of culture can do better than follow the course 
usually marked out for liim, su})plementing its de- 
ficiencies by his own elforts. 

ijut for those who imvan to make sci('ncc their 
serious occupation; or wlio intend to follow tlu' 
profession of medicine ; or who liave to enter early 
upon the business of life ; for all these, in my opinifjii, 
classical education is a mistake ; and it is for this 
renson that I am glad to see ''mere literary educMlidii 
and instrucliou'’ shut out from the curriculum of Sir 
Josiah ]\Iasou s College, seeing that its inclusion woiihl 
probably lead to the introdiictioji of the ordiiniry 
smattering of Latin and Greadc. 

Nevertliiiless, I am the last person to question tlir 
importance of genuine liD'niry education, or to sup- 
pose that intellectual culture can be complete without 
it. An exclusively scientific training will bring about 
a mental twist as surely as an exclusively liteniiv 
training. The value of the cargo does not coiU' 
peiisate for a ship’s being out of trim ; and I sliouM 
be very sorry to think that the Scientific Collug^' 
would turn out none but lop-sided men. 

Thci*e is no need, however, that such a catastropl^'^ 
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slioulcl happen. Instruction in English, French, and 
German is provided, and thus the three greatest litera- 
tures of the modern world are made accessible to the 
student. 

French and German, and especially the latter lan- 
guage, are absolutely indispensable to those who desire 
full knowledge in any department of science. But 
even supposing that the knowledge of tlicse languages 
acquired is not more tlian sufficient for purely scien- 
tific purposes, every Englishman has, in his native 
tongue, an almost perfect instrument of literary ex- 
pression ; and, in his own literature, models of every 
kind of litiTary excellence. If an Englishman cannot 
get literary culture out of his Bible, his Shakspeare, 
his J\lilton, neither, in luy belief, will the 2)rofoundest 
study of Homer and Sophocles, Virgil iind Horace, 
give it to him. 

Thus, since the constitution of the College makes 
sufficient provision for literary as well as for scicntitic 
education, and since artistic instruction is also contem- 
plated, it seems to me that a fairly complete culture is 
offered to all who are willing to take advantage of it. 

CJ o 


But I am not sure that at this point the ‘‘ prac- 
ticaH’ man, scotched but not slain, may ask what all 
this talk about culture has tp do with an Institution, 
the object of which is defined to be “ to promote the 
prosperity of the manuffictures and the industry of 
the country.’' He may suggest that what is wanted 
for this end is not culture, nor even a purely scientific 
discipline, but simply a knowledge of applied science. 
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I often wish that this phrase, ''apijliecl science/' 
had never been invented. For it suggests that there 
is a sort of scientific knowledge of direct practical 
use, which can be studied apart from anotlier sort of 
scientific knowledge, which is of no practical utility, 
and wdii(di is termed ‘‘pure science." But there is 
no more complete fallacy than this. AVhat people' 
call applied science is nothing but the a])plication of 
2)urc science to particular classes of prol)lems. It 
consists of deductions from those geiK'ral lu’ineijde's, 
established by reasoning and observation, which con- 
stitute pure science. No one can safely make tlu*s(‘ 
deductions until he has a firm grasp of tlie principles; 
and he can obtain that grasp only l)y personal experi- 
ence of the operathuis of observation and of reasoniiiLr 
on wdiich they arc founded. 

Almost all tlic processes employed in llio ai’ts and 
manufactures fall within tlie range either of })liysi(*s 
or of chemistry. In order to im])rove them, one 
must tliorougldy understand them ; and no one lias a 
chance of really understanding them, unless he has 
obtained that mastery of {irinciples and that habit of 
dealing with facts, which is given by long-continued 
and w^ell- directed jiurely scientific training in the 
physical and the chemical laboratory. So that tlnac 
really is no question as. to the necessity of purely 
scientific discipliiui, even if the work of the Colh'g^ 
were limited by the narrowest interpretation of it^^ 
stated aims. 

And, as to the desiralileness of a wider ciiltiu’C 
than that yielded by science alone, it is to be rccol- 
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Icctcd that tliG improvement of manufacturing pro- 
cesses is only one of the conditions wliich contribute 
to the prosperity of industry. Industry is a means 
and not an end; and mankind work only to get 
something which they want. What that something 
is depends partly on their innate, and partly on their 
acquired, desires. 

If the wealth resulting from prosperous industry 
is to be spent upon the gratification of unworthy 
desires, if tlie increasing perfection of manufactiii‘ing 
processes is to be accompanied l)y an increasing 
debasement of those who carry them on, I do not 
sec the good of industry and prosperity. 

Now it is perfectly true that mens views of what 
is d(\sirablc dc'pend upon their characters; and that 
the innate proclivities to which we give that name 
are not touched by any amount of instruction. But 
it docs not follow that even mere intellectual educa- 
tion may not, to an indefinite extent, modify the 
practical manifestation of the characters of men in 
their actions, by supplying them with motives un- 
known to the ignorant. A pleasure-loving character 
will have pleasure of some sort ; but, if you give him 
the choice, he may prefer pleasures which do not 
degrade him to those which do. And this choice is 
offered to every man, whet possesses in literary or 
artistic culture a never-Ming source of pleasures, 
which are neither withered by age, nor staled by 
custom, nor embittered in the recollection by the 
pangs of self-reproach. 
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If the Institution opened to-day fulfils tlie in- 
tention of its founder, the picked intelligences among 
all classes of the population of this district will pass 
through it. No child horn in Birmingham, hence- 
forward, if he have the capacity to profit by the 
opportunities offered to him, first in the primary and 
other schools, and afterwards in the Scientific College, 
need foil to obtain, not merely the instruction, but 
the culture most appropriate to the conditions of 
his life. 

Within these walls, the future employer and the 
future artisan may sojourn together for a wliile, and 
carry, tlirough all their lives, the stamp of the in- 
fluences then brought to bear upon them. Hence, it 
is not beside the mark to remind you, that tlu' 
prosperity of industry depends not merely upon tlie 
improvement of manufocturing processes, not merely 
u])Oii the ennobling of the individual character, but 
upon a third condition, namely, a clear understanding 
of the conditions of social life on the part of both the 
capitalist and the operative, and their agreement 
upon common i)rinciples of social action. They must 
learn that social phenomena are as much the expres- 
sion of natural laws as any others ; that no social 
arrangements can be permanent unless they har- 
monise with the rcquinmients of social staticNS and 
dynamics; and that, in the nature of things, there is 
an arbiter whose decisions execute themselves. 

But this knowledge is only to be obtained by the 
application of the methods of investigation adopted 
in physical researches to the investigation of the 
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phenomena of society. lienee, I confess, I should 
like to see one addition made to the excellent scheme 
of education propounded for the College, in the shape 
of provision for the teacliing of Sociology. For 
though we are all agreed that party ])olitics arc to 
have no place in the instruction of the (h)llege; yet 
ill this country, practically governed as it is now by 
universal suffrage, every hian Avho docs liis duty must 
exercise political functions. And, if tlie evils which 
are ins(‘paral)lc from the good of })o]itical lil)(‘rty are 
to be clu'ckcd, if the j)erpetual oscillation of nations 
between anarchy and despotism is to be rei)laccd by 
t]ie steady march of self-restraining freedom ; it will 
1)0 because men will gradually bring themselves to 
(leal with political, as tiny now dcail with scientific 
(jiiestions; to be as ashamed of undue haste and 
partisan prejudice in the one case as in the other; 
and to believe that the inachineiy of society is at 
least as delicate as that of a s[)inning-jenny, and as 
little likely to be improved by the meddling of those 
who have not taken the trouble to master the 
principles of its action. 

In conclusion, I am sure that I make myself the 
mouthpiece of all present in offering to the venerable 
founder of the Institution, which now commences its 
beneficent career, our congratulations on the comple- 
tion of his work ; and in expressing the conviction, 
that the remotest posterity will point to it as a 
crucial instance of the wisdom which natural piety 
leads all men to ascribe to their ancestors. 
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IL 

UNIVERSITIES : ACTUAL AND IDEA!. 

Elected hy the suffrafijes of your four Nations, R(‘ctoi’ 
of the ancient Univcu-sity of wliicli you are seliolars, I 
take the earliest opportunity wliieh has presented 
itself since my restoration to luNilth, of delivering tli«' 
Address which, by long custom, is expected of the 
liolder of my ollice. 

My first duty in opening that Address, is to oUer 
you my most hearty thanks for the signal honour you 
have conferred upon me — an lujiiour of which, as :i 
man uiK^onnectcd with you by personal or by natioiiul 
ties, devoid of political distinction, and a jdebeiaii 
who stands by his order, I could not have dreamed. 
And it was the more surprising to mo, as the flve-aiid- 
tweiity years which have j)asscd over my head since 1 
reached intellectual manhood, have been largely s])ent 
in no half-hearted advocacy of doctrines which have 
not yet found favour in the eyes of Academic respect- 
ability ; so that, when the proposal to nominate me for 
your Rector came, I was almost as inindi astonished uh 
was Hal o’ the Wynd, ‘‘ who fought for his owu 
Land,” by the Jllack Douglass prolfer of knighthood. 
And I fear that my acceptance must be taken 
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clciice that, less wise than the Armourer of Perth, I 
liavc not yet done with soldiering. 

Ill fact, if, for a moment, I imagined that your 
intention was simjily, in the kindness of your hearts, 
to do me honour ; and that tlie Rector of your Uni- 
versity, like that of some other Universities, was one 
of tliose lia|)[)y beings who sit in glory for three years, 
witli nothing to do for it save the making of a speech, 
a conversation witli my distinguished [iredecessor soon 
dispelled the <lrca,m. I found that, by the constitu- 
tion of the University of Aberdeen, the incumbent of 
the Rectorate is, if not a power, at any rate a potential 
energy ; and that, whatever may be his chances of 
success or failure, it is his duty to convert that 
potential energy into a living force, directed towards 
such ends as may seem to him conducive to the wel- 
fare of the corporation of which he is the theoretical 
head. 

I need not toll you that your late Lord Rector 
took this view of his position, and acted upon it with 
the comprehensive, far-seeing insight into the actual 
condition and tendencies, not merely of his own, but 
of other countries, which is his honourable character- 
istic among statesmen. I have already done my best, 
and, as long as I hold my otlice, I shall continue my 
endeavours, to follow in thcrpatli which he trod ; to do 
what ill me lies, to bring this University nearer to the 
ideal— alas, that I should be obliged to say ideal — of 
all Universities ; which, as I conceive, should be places 
in which thought is free from all fetters ; and in which 
all sources of knowledge, and all aids to learning, 
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should be accessible to all comers, without distinction 
of creed or country, riches or poverty. 

Do not suppose, however, that I am sanguine 
enough to expect much to come of any poor efforts of 
mine. If your annals take any notice of my incum- 
bency, I shall probably go down to posterity as the 
Rector who was always beaten. But if they add, as I 
think they will, that my defeats became victories in 
the hands of my successors, I sliall be well content. 

The scenes are shifting in the great theatre of the 
world. The act which (commenced witli the Protestant 
Reformation is nearly played out, and a wider and a 
deeper change than that effected tliree centuri(‘S ago— 
a reformation, or rather a revolution of tliought, the 
extremes of which are represented by tln^ intellectual 
heirs of John of Leyden and of Ignatius Loyola, ratlua* 
than by those of Luther and of Leo — is waiting to 
come on, nay, visilde behind the scenes to those who 
have good eyes. j\Icn are beginning, once more, to 
awake to tlie fact that matters of belief and of specu- 
lation are of absolutely infinite practical importance ; 
and arc drawing off from that sunny country “ wlicro 
it is always afternoon — the sleepy hollow of broad 
indifferentism — to range themselves under their 
natural banners. Change is in the air. It is whirling 
feather-heads into all sorts of eccentric orbits, and 
filling the steadiest with a sense of insecurity. R 
insists on reopening all questions and asking all insti- 
tutions, however venerable, by what right they exist, 
and whether they are, or are not, in harmony with the 
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real or supposed wants of mankind. And it is 
remarkable that these searching inquiries are not so 
nnicli forced on institutions from without, as developed 
from within. Consummate scholars question the 
value of learning ; priests contemn dogma ; and 
women turn their backs upon man s ideal of perfect 
womanhood, and seek satisfaction in apocalyptic 
visions of some, as yet unrealised, epicene reality. 

If there be a type of stability in this world, one 
Avoiild be inclined to look for it in the old Universities 
of England. But it has been my business of late to 
hear a good deal about what is going on in these 
fiiiiious corporations; and I have been filled with 
astonishment by the evidences of internal fermentation 
wliieh they exhibit. If Gibbon could revisit the 
ancient seat of learning of wliich he has written so 
cavalierly, assuredly he would no longer speak of ‘‘the 
monks of Oxford sunk in prejudice and port.^’ There, 
as elsewhere, port has gone out of fashion, and so has 
prejudice — at least tliat particular fine, old, crusted 
sort of prejudice to which the great historian alludes. 

Indeed, things are moving so fiist in Oxford and 
Cambridge, that, for my part, I rejoiced when the 
koyal Commission, of which I am a member, had 
finished and presented the Report which related to 
these Universities ; for wc should have looked like 
meiv. plagiarists, if, in consequence of a little longer 
delay in issuing it, all the measures of reform we pro- 
posed had been anticipated by the spontaneous action 
of the Universities themselves. 

A month ago I should have gone on to say that 
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one might speedily expect changes of another kind in 
Oxford and Cambridge. A Commission has been 
inquiring into the revenues of the many wealthy 
societies, in more or loss direct connection with the 
Universities, resident in those towns, ft is said tliat 
tlie Commission has reported, and tliat, for the first 
time in recorded liistory, the nation, and perhaps the 
Colleges themselves, will know what they are worth. 
And it was announced that a stat(‘sman, who, what- 
cv(T his other merits or defects, has aims above th(‘ 
level of mere party fighting, and a clear vision into 
the most comjilex practical problems, meant to deal 
with these revenues. 

But, Bos loculus rst, Tliat mysterious independent 
variable of political calculation. Public Opinion — which 
some whisper is, in the present case, very much the 
same thing as publican s opinion — lias willed otherwisf'. 
The Heads may return to their wonted slumbers — at 
any rate for a space. 

Is the spirit of change, which is working thus 
vigorously in the South, likely to aftect the Northern 
Universities, and if so, to what extent ? The violence 
of fermentation depends, not so much on the quantity 
of the yeast, as on the composition of the wort, and 
its richness in fermentable material ; and, as a j)rclinii- 
nary to the discussion of this question, I venture to 
call to your minds the essential and fundamental dif- 
ferences between the Scottish and the English typo of 
University. 

Do not charge me with anything worse than official 
egotism, if I say that these differences appear to he 
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Inrgely symbolised by my own existence. There is 
[10 Rector in an English University. Now, the organi- 
sation of the members of an University into Nations, 
with their elective Rector, is the last relic of the 
primitive constitution of Universities. The Rectorate 
was the most important of all oflices in that University 
of Paris, upon the model of which the University of 
Aberdeen was fashioned ; and which was certainly a 
great and flourishing institution in the twelftli century. 

Enihusiasts for the anticpiity of one of the two 
acknowledged pannits of all Universities, indeed, do 
not hesitate to trace tlie origin of tlie Studium 
J^irisieuse” up to that womlerful king of the Franks 
and Ldnbards, Karl, surnamed the Great, whom we 
all calhal (-harlemagnc, and believed to be a French- 
man, until a learned historian, by beneficent iteration, 
taiui’ht us better. Karl is said not to have been much 
of a scholar himself, but he had the wisdom of which 
knowledge is only the servitor. And that wisdom 
enabled him to see that ignorance is one of the roots 
of all evil. 

In the Capitulary which enjoins the foundation of 
nionasterial and cathedral schools, he says : “ Right 
Jmtion is better than knowledge; but in order to do 
what is right, we must know what is right.” ^ An 
irj’efragable truth, I fancy. .Acting upon it, the king 
took pretty full compulsory powders, and carried into 

^ “ Qiininvis cnim niuliiia sit bene faeere quiim nosse, priiis taTiicii 
t'st nosse quam farcro.” — “ Karoli Alagiii Regis Couhtitiitio de Soludis 
rer singula Episcopia et ^loiiasteria iiustituoiidis,” addressed to the 
Abbot of Fulda. Baluzius, “Capitularia Ueguiii Francoriiiu,” T. i., 

r- 202. 



30 


UNIVERSITIES : ACTUAL AND IDEAL. [lect. 


effect a really considerable and effectual scheme of 
elementary education through the length and breadth 
of his dominions. 7/ bd 

No doubt the idolaters out by the Elbe, in what is 
now part of Prussia, objected to the Frankish king s 
measures ; no doubt the priests, wlio had never hesi- 
tated about saerificiim all unl)elievers in their fantastic. 

O 

deities and futile conjurations, were the loudest in 
chanting the virtues of toleration ; no doubt they de- 
nounced as a cruel persecutor the man who would no! 
allow them, however sincere they miglit l)e, to go on 
spreading delusions whicb debased the intellect, as 
much as they deadened tlui moral S(uise, and uiuhn- 
mined tlie bonds of civil allegiance ; no doul)t, if tlu'v 
had lived in these times, they would have been ahir 
to show, with eas(3, that the king s proceedings were 
totally contrary to the best liberal principles. Put it 
may be said, in justification of the Teutonic ruler, 
first, that he was born before those principles, aial 
did not suspect that the best way of getting disorder 
into order was to let it alone ; and, secondly, that his 
rough and questionable proceedings did, more or less 
bring about the end he had in view. For, in a couple 
of centuries, the schools he sowed broadcast produced 
their crop of men, thirsting for knowledge and craving 
for culture. Such men gravitating towards Paris, as 
a light anjidst the darkness of evil days, from Cer- 
many, from Spain, from Britain, and from Scandinavia, 
came together by natural affinity. By degrees they 
banded themselves into a society, which, as its eiul 
was the knowledge of all things knowablc, called itself 
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a ^^Studium Genernle and when it had grown into 
a recognised corporation, acquired the name of ‘‘ Uni- 
versitas Studii Generalise' which, mark you, means 
not a “ Useful Knowledge Society, but a “ Knowledge- 
of- things-in -general Society.’^ 

And thus the first “University,” at any rate on 
this side of the Alps, came into being. Originally it 
had but one Faculty, that of Arts. Its aim was to 
1)0 a centre of knowledge and culture ; not to be, in 
any sense, a technical scliool. 

Tlie scliolars seem to have studied Grammar, Logic, 
and Rhetoric; Arithmetic and Geometry; Astronomy; 
Tlieology; and iMusic. Thus, their work, however 
imperfect and faulty, judged by modern liglits, it may 
have been, brouglit tliem face to face with all the 
leading aspects of the many-sided mind of man. 
For these studios did really contain, at any rate in 
embryo — sometimes, it may be, in caricature — what 
we now call Philosophy, JIathematical and Physical 
Science, and Art. And I doubt if the ciirriculum of 
any modern University shows so clear and generous a 
comprehension of what is meant by culture, as this 
old Trivium and Quadrivium docs. 

The students who had passed through the Univer- 
sity course, and had proved themselves competent to 
teach, became masters and .teachers of their younger 
brethren. Whence the distinction of Masters and 
Regents on the one hand, and Scholars on the other. 

Rapid growth necessitated organisation. Tlie 
Masters and Scholars of various toimues and coun- 
tries grouped themselves into four Nations ; and the 
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Nations, by their own votes at first, and subsequently 
by those of their Procurators, or representatives, 
elected tlieir supreme head and governor, tlie Eector 
— at that time tlic sole representative of the Univer- 
sit}^, and a very real power, wlio could defy Provosts 
interfering from without; or could inflict even cor- 
poral punishment on disobedient members within tlie 
University. 

Such was the primitive constitution of the Uni- 
versity of Paris. It is in reference to this originiil 
state of things that I have slacken of tlie Rectorate, 
and all that appertains to it, as the sole relic of that 
constitution. 

But this original organisation did not last long. 
Society was not then, any more than it is now, 
patient of culture, as sucli. It says to eviuything, 
“ Be useful to me, or away with you.” And to tlic 
learned, the iinleai’ned man said then, as he does now, 
What is the use of all your learning, nnh'ss you can 
tell me what I want to know? 1 aiu here blindiv 
gro}»ing about, and constantly damaging mys(‘lf by 
collision with three mighty powers, the power of tlio 
invisible God, the power of my fellow Man, and tlw 
power of brute Nature. Let your learning be turned 
to the study of these powers, that I may know how 1 
am to comport myself with regard to tliem.” In 
answer to this demand, some of the IMasters of the 
Faculty of Arts dev^oted themselves to the study of 
Theology, some to tliat of Law, and some to that of 
Medicine; and they became Doctors — men learned iii 
those teclinical, or, as we now call them, professional, 
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l)]‘iinches of knowlcdire. Like cleaving to like, the 
Doctors formed schools, or Faculties, of Theology, 
L:i\v, and Medicine, whicli sometimes assumed airs 
(►f superiority over their parent, the Faculty of Arts, 
tlioiigh the latter always asserted and maintained its 
fundamental supremacy. 

Tli(i Faculties arose by process of natural differen- 
tiation out of the pi'imitive University. Other con- 
stituents, foreign to its nature, were speedily grafted 
upon it. Oik; of these extraneous elements was forced 
into it by the lioman Chunh, which in those days 
a^<(‘rted with etlect., that which it now asserts, happily 
widiout any ellei't in these realms, its right of cen- 
sorship and control over all buiching. The local 
liahitalion of the University lay partly in the lands 
altaihed to the monaslcry of S. (huu'vieve, partly in 
die dio('es(' of the bishop of Taris ; and he who would 
loach must have the licciuuj of the Abbot, or of the 
bishop, as till' neari‘st ]V[)rescntative of the Tope, so 
to do, which licence was granted by the Chancellors 
of th(\se Ecch'siaslics. 

Thus, if 1 am what arclneologists call a‘‘survivaU’ 
oi the primitive Inaid and ruler of the University, your 
Chancellor stands in tin' sam(‘ relation to the Papacy; 
‘11 n 1, with all respi'ct for his Graca', 1 think J may 

that we both look terribly shrunken when com- 
pared with our great originals. 

Not so is it with a second foreign element, which 
‘"silently dropped into the soil of Universitii's, like the 
gudn ot mustard-seed in the parable; and, like that 
giain, grew into a tree, in whose branches a whole 
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aviary of fowls took shelter. That element is iho 
element of Endowment. It diflercd from the preced- 
ing, in its original design to serve as a })r(>p to the 
young plant, not to he a parasite u[)on it. The 
eharitalJe and the humane, blessed with wealtli, were 
very early penetrated by the misery of tlu' poor 
student. And the wise saw that, intellectual alhlitv 
is not so common or so unimportant a gift tliat it 
sliould be allowed to ]‘un to waste upon iiK're liaiidi- 
crafts and chares. The man who was a, Idessini'* to 
his contemporaries, but who so often has l)(‘en con- 
verted into a curse, by the 1)1 ind adlienmcc; of ]li^ 
posterity to tlie letter, rather tlian to the sjiirit, of 
liis wishes — I mean llie ‘‘])ious founder” — gaM‘ 
money and lands, that the slmhait, who was ri('h in 
brain and poor in all else, might be takiai from tin' 
plough or from the stithy, and (tabled to devotf 
himself to the higlier siawice of mankind ; and built 
co]h\g(\s and lialls in which he might be not only 
housed and fed, but tauglit. 

TIjo (Jollcges were very generally [)laced in strict 
subordination to the rniversity by tluir foundi'is: 
but, in many cases, their eiidowmienl, consisliiig of 
land, has undergone a.n miearneal increment,” wdiioli 
has given tliese societies a continually incri'a^in;.] 
weiglitand im[)ortance as against the uiumdowi'd, or 
li.\e(lly emlowed, I adversity. In Pliaraolds dro.nii, 
the seven h'an kino eat up tln^ seven fat ones, hi 
the reality of historical fa.ct, tlui fat Colleges have 
eaten u]) the lean Uidv(!rsities. 

Even here in Aberdeen, though the causes at work 
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may liave 1)eon somcwliat cliftcrcnt, the effects liave 
knai similar ; and you sec liow mucli more substantial 
an entity is the Very Iievercnd tlie Principal, analogue, 
if not homologiK', of the Principals of King s College, 
than the Pcfitor, lineal rcpi’escntative of the ancient 
inonnrchs of the University, though now, little more 
than a- king of shreds and patches.’' 

Do not su]»p()sc that, in tlius briefly tracing the 
|iroc(‘Ss of University melamor})hosis, 1 have had any 
intention of quarrelling with its results. Practically, 
it seems to me that the bi'oad changes ofTected in 18.38 
have giv(>n th(i Scottish Universities a very liberal 
constitution, with as mucli real approximation to the 
jniinitivi' state of things as is at all (h'sirable. If 
your fat kiiie have (aiten tin; lean, thev have not lain 
down to ('hew the end eversinc(\ Phe Scottish Uni- 
versities, like the Ihigiish, havi‘ diverged widely enough 
li’om their ])rimitiv(‘ nnidel ; but 1 cannot help thiidv- 
ing that the northern form has nnnained more faithful 
to its (jriginal, not only in constitution, but, what is 
more to the purpose, in view (')f the cry for change, 
m tli(‘. practical appli('a(ion of the endowments con- 
iiirted with it. 

In Aberdeen, these endowments are numerous, but 
«o small that, taken altogvth(*r, tlmy are not eipial to 
th(^ revenue of a single thk*d-rale English collegi'. 
Ihey arc scholarships, not fellowships; aids to do 
work not rewards for such woj’k as it lies within the 
ot an ordinary, or evim an extraordinary, young 
uuui to do. You do not think that passing a respect- 
examination is a fair equivalent for an income, 
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such as many a pjray-licndcd veteran, or clergyman, 
would envy; and which is larger than the endowment 
of many Piogius chairs. You do not care to imiko, 
your University a school of manners for the rich ; of 
sports for the athletic; or a hot-hed of high-fed, 
liypercritieal refinement, more destructive to vigoiiv 
ajid originality tlian are starvation and oppression. 
No ; your little Bursaries of ten and twenty (I beliexc 
even fifty) pounds a year, enalfie any l.)oy who has 
sliow]i ability in the course of his lalueation in thos* 
remarkable primary s('hools, \\]ii<‘h liave made Scotlaml 
the power she is, to ol)tain the higliest culture tla' 
country can give him; and when he is armed ainl 
C(|ui2‘)pod, liis S])arlan Alma Mater tells him that, 
far, he has had his wages for his work, and (hat in* 
may go and earn the r(‘st. 

When I think of tin; host of phaisaiit, monied, well- 
bredycjiuiggentlennm, who do a liti le h'arningand miu li 
boating by (lam and Isis, tlie vdsion is a pleasant oii'“: 
and, as a [>atriot, I n‘joic(i that th(‘ youl h of the u[>|)i'i' 
and rl('h(*r clas.scs of the nation r(.*ceiv(‘ a wholesome and 
a manly training, however small may be tlui modicum 
of knowledge tluty gadlier, in the inb'rvals of this, their 
serious business. I admit, to thi full, the sociaJ iimi 
political value of that training. But, when I proi ccd 
to consider that these •young men may be said to 
rejuesent the gnnit bulk of what the Colleges hav(‘ to 
show for their enormous wealth, plus, at least, o 
hundred and fifty pounds a year apiece which eaeli 
iiiidergiaduate- ('osts his ])are-nts or giiai’dians, I 
imkned to ask, wh(;the,r the rate-in-aid of the cdina' 
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tion of tlic wcallliy and professional classes, thus levied 
oil the resources of the coniniunity, is not, after all, a 
little heavy ? And, still further, T am tempted to 
in(]iiir(‘- vdiat has hecoine of the indigmit scholars, the 
sons of the masses of the people whose daily labour 
just sutru'cs to meet their daily wants, for whose 
l)(‘iicfit tlu'se rich foundations were largely, if not 
luiiiiily, insiilut(‘d ? It seiuns as if Pharaohs dream 
liad been rigorously cari'ied out, and that even the fat 
scholar has enhui the h'an one. And when I turn 
from this picture' to the no less real vision of many a 
hrav(' and frugal Seotdi boy, spending his summer in 
hard manual labour, that he may have the privilege 
of we'iiding his way in autumn to this rniversity, with 
a hag of oalmeal, ten ]>ounds in his poe-ket, and his 
own stout h(‘art to de'jx'iid ujmui through the northern 
wiiili'i* ; md bent on se'oking 

‘‘Tile bulililo rc]nit.iliiiii at tin* c.iiimtn’s inMiilli,’’ 

hut (h'termim'd to wring knowledge from the hard 
hands of penury; uIk'ii 1 sec him win through all such 
eutward obslacles to positions of wide usefulness and 
^vell-eariK'd fame; 1 cannot but think that, in essence, 
Al)(‘rd(!en has de'parted but little from the' primitive 
inh'iition of the founders of Universities, and that the 
spirit of reform has so much to do on the other side 
<jf the Porder, that it may be long before he has leisure 
In look this way. 

As compared with other actual Universities, then, 
Aberdeen, may, perhaps, be well satisfied with itself, 
but do not think me an impracticable dreamer, if 1 
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ask you not to rest and l)e tliankful in this static o 
satisfac'tion ; if T ask you to eoiisidiu* awliile, how (lii: 
actual good stands r(‘lated to that ideal hcltiu*, toward 
which both lucji and institutions must ])rogToss, if tJje) 
would not retrograde. 

In an ideal Univeu-sity, as I conceive it, a man 
should be able to oI)tain instruction in alt forms of 
knowledge, and dis('i])linc in the use of all tlu! nudliods 
l)y which knowledge is obtained. Insuch an Ihiivm-sitv, 
the force of living example should tire the stiuhnii 
with a noble ambition to emulate the learning of 
leariied men, and to follow in the footstei)S of the, v\~ 
plovers of new liehls of knowledge*. And tin*, wry nii' 
Ik; breathes should be charged with that (*nthusiaMii 
for truth, that fanaticism of veracit v, which is a un^aL r 
t)OSsession than much learning; a noI)ler gift than tin* 
powei’ of ijKTeasing knowledge; by so much greali-r 
and nobler than these, as the nK>ral nature of man 
greater than tin; intellectual; for veracity is the lie;irt 
of morality. 

lint the man who is all morality and intelhrl, 
although he may be good and even great, is, alba* i\\l 
only half a man. TIku’c is biaiuty in tlu; moral worM 
and in the intellectual world ; but there is also :i 
beauty which is neither moral nor intellectual — tli'^ 
beauty of tin; world of Art. There an* men who aro 
devoid of the i)ower of seeing it, as th(‘re arc m(*n wlie 
ai*e born deaf and blind, and the loss of those, as cl 
these, is simply infinite. There are others in whom it 
an overpowering passion ; happy men, born with tlio 
productive, or at lowest, the a|)preciative, genius of 
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Artist. But, in the mass of mankind, the ^Esthetic 
faculty, like the reasoning power and the moral sense, 
needs to l)(i roused, directed, and (ailtivaled; and 1 
know not why tlie d(Jvelopni(‘nt of tliat side of his 
nature, through whicJi man has access to a poreiinial 
spi’iiig of ennol)ling pleasure, should l)e omitted from 
any ('omprelieiisive scheme of University education. 

All Universities recognise liiterature in the sense 
of the old Khetorie, whiidi is art incarnate in words. 
I^oine, to their credit, j*ecognise Art in its narrower 
sens(‘, to a ('ertain extent, and confer degrees for pro- 
ficieney in some of its branches. If there are Doctors 
of Musi(‘, why should there Ix' no blasters of Painting, 
of Siailpture, of Architecture ? I should like to S(‘e 
Ihoh'ssors of the Fine Arts in every University; and 
instruction in sonu* branch of their work made' a part 
of th(‘ Arts cunh'uluin. 

I just now exjiressed the opinion that, in our ideal 
University, a man shouhl be able to obtain instruction 
in all (urms of kiiowledg(‘. Now, by forms of know- 
ledge,” I mean the great elass(‘s of things knowable ; 

whicli the first, in logical, though not in natural, 
erder is knowknlge relating to the scope ami limits of 
the mental facultii's of man ; a form of knowledgi‘- 
'\'hich, ill its positive aspect, answers pretty much to 
hogic and jiart of Ihsychology, while, on its negative 
nud erithad side, it corrt'sponds with i\Ietaphysi(‘s. 

A second class comprehends all that knowledge 
^\hi('h relates to man’s welfare, so far as it. is deter- 
mined by his own acts, or what we call his conduct, 
ft answers to Moral and Ibdigious philosopliy. Prac- 
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tically, it is the most directly A^aluahle of all forms of 
knowledge, but speculatively, it is limited and (‘riti- 
cised by that which precedes and by that which 
follows it in my order of enumeration. 

A third class embraces knowledge of the pheno- 
mena of the Universe, as that which li('s about the 
individual man : and of the rul(‘S which those jdieno- 
meiia are observed to follow in the order of their 
occurrence, which we term the laws of Nature. 

This is what ought to be called Natural S(‘i(‘n(‘o, 
or Physiology, though those teiins are hopelessly 
diverted from siu'h a nu'aning ; and it includes iill 
exact knowledge of natural fact, whether Malljc- 
matical. Physical, Hiologi(*al, or Social. 

Kant has said that the ultiinati‘. object of .‘ill 
knowledge is to give replies to these thn'e ([lU'stioiis : 
What can I do ? What ought 1 to do ? What inny 
I hope for? The forms of knowledge which I have 
enumerated, should furnish such replies as arc williiii 
human reach, to the first and second of these questions. 
While to the third, ])erhaps the wisest answer is, 

“ Do what you can to do what you ought, and leavr 
hoping and fearing alone. 

If tliis be a just and an exhaustive classificalioii 
of the forms of knowledge, ]io question as to tlu'ir 
relative importance, or as* to the siH)eriority of one to 
tlie otlicr, can be seriously raised. 

On the face of the matt(‘r, it is absurd to nsk 
whether it is more important to know the limits of 
one's powers ; or tho ends for whic.h they ought to l)0 
exerted ; or the conditions under which they must h' 
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exerted. One may as well inquire wliicli of the terms 
of a Eule of Tliree sum one ought to know, in order to 
get a trustworthy result. Eractieal life is sue.h a sum, 
ill which your duty multiplied into your (‘apaciiy, and 
divided by your circumstances, gives you the fourth 
term in the proportion, which is your deserts, with 
great a('x;urncy All agree*, 1 taka* it, tliat men ought 
to have th(\S(^ tlirce kinds of knowhslgo. The so- 
culled “ con(li(‘,t of studies” turns upon the question of 
how tlu'Y may best be obtained. 

The founders of Universities held tlic theory that 
the Serii)turcs and Aristotle taken together, the latter 
being limited by the forimu’, contained all knowledge 
worth having, and that the business of philosophy was 
to interpret and co-ordinate these two. I imagine 
lliat in the twelfth ci'iitury this was a very fair con- 
clusion from known facts. Nowhere in the world, in 
those days, was there such an encyclopaedia of know- 
ledge of all three classes, as is to be found in those 
writings. The scholastic idiilosojdiy is a wonderful 
monument of the patience and ingenuity with which 
the human mind toiled to build up a logically con- 
sistent theory of the Universe, out of such materials. 
And that philosophy is by no means dead and buried, 
maliy vainly suppose. On the contrary, numbers 
of men of no mean learning and accom])lishment, and 
sometimes of rare power and subtlety of thought, 
hold by it as the best theory of tilings wliich has yet 
been stated. And, what is still more remarkable, 
men who speak the language of modern i)hilosophy, 
nevertheless think the thoughts of the schoolmen. 
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The voice is the voice of Jacob, but the hands are 
flic liarids of Esau.'’ Every day I hear “ Cause," 
“Law," “Force," “ Vitality," spoken of as entities, 
by people wlio can enjoy Swift/s joke about the 
meat-roasting quality of the smoke-ja('k, and comfort 
themselves with the reflection that they are not even 
as those benighted schoolmen. 

Well, this great system had its day, and then il 
was saj)ped and mined by two influences. Tlie lirst 
was the study of classical literature, which hiniiliariMHl 
men witli metliods of philosophising ; with eoiie'cp- 
tions of the highest Good; with ideas of the. ordci' 
of Nature ; with notions of Literary and Histori(':il 
Criticism; and, al)ove all, with visions of Art, of ;i 
kind whioh not only would not fit into the scliolastie 
sclieme, but showed them a pre-(diristian, and iiidenl 
altogether un-Christian world, of such grandeur and 
beauty that they ceased to think of any other. They 
were as imm wlio had kissed the Idiiry Queen, and 
wandering with her in the dim loveliness of the undi'r- 
world, car(!d not to return to the familial* ways nt 
hoiiKj and fatherland, though they lay, at arm’s lengtli, 
overhead. Cardinals were more familiar with Virgil 
than with Isaiah; and Popes laboured, with great 
success, to re-paganise Rome. 

The second influence* was the slow, but sure, 
growth of the physical sciences. It was discovered 
that some results of speculative thought, of iinmt'iise 
practical and theoretical importancig can be verified 
by observation ; and are always true, however severely 
they may be test(‘d. Here, at any rate, was know- 
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ledge, to tlic certainty of winch no authority could 
add, or take away, one jot or tittle, and to which the 
tradition of a thoiLsinid years was as insigniricant as 
tlie hearsay of yesterday. To the scholastic system, 
ilie study of classical literature might be inconvenient 
and distra(tting, hut it was possible to hope that it 
eoidd be kept within bounds. Physical sciimce, on 
the otlx'r hand, ^\as an irreconcilable enemy, to lie 
excluded at all hazards. The College of Cardinals 
lias not distinguished itself in Physics or Physiology; 
and no .Pope has, as yet, set up public laboratories in 
the Vatican. 

People do not always formulate the beliiTs on 
which they act. The instinct of fear and dislike is 
(juh'kcr than the reasoning jirocess; and I suspect 
that, taken in conjumdioii with some other causes, 
such instinctive aversion is at the bottom of the long 
exclusion of any serious discipline in the [hiysical 
si'ieiKtcs from the general (*urriculum of Universities ; 
while, on the otlu'r hand, <*lassical literature has been 
gradually made the backbone of tlie Arts coui’se. 

I am ashamed to repeat here what I have said 
clsew'herc, in season and out of season, respecting the 
value of Science as knowdedge and discipline. But 
the other day I met with some passages in the 
Address to another Scottish University, of a gri'at 
thinker, recently lost to us, which express so fully, 
a-iid yet so tersely, the truth in this matter, that I am 
fain to quote them : — 

“ To (juestion all things ; — never to turn away 
from any difliculty ; to accept no doctrine either from 
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ourselves or. from other people without a rigid scrutiny 
by negative criti(;isni ; letting no fallacy, or inco- 
herence, or confusion of thought step by iinpcrceivcd ; 
above all, to insist U2)on liaving the mi'aning of a 
word clearly understood before using it, and the 
meaning of a proposition before asscuiting to it ; — 
these are the lessons we learn from work('rs iu 
Science. ‘'With all this vigorous management of 
the negative element, they inspire no scepticism about 
the reality of truth or indiflcreiict} to its })ursui(. Tlie 
noblest enthusiasm, l)oth for the search after truth aial 
for applying it to its highest uses, pervades those 
writers.’' " In cultivating, tliererore,” science as an 
essential ingredient in education, "we are all the 
while laying an admirable foundation for ethical and 
philosophical culture." ^ 

The passages I have quoted were uttered by Joliii 
Stuart ]\Iill; but you cannot hear inverted commas, 
and it is therefore right that I should add, without 
delay, that I have taken the liberty of substituting 
"workers in seienra;" for "ancient dialecticians,” and 
"Science as an essential ingredient iii education” for 
" the ancient languag{‘S as our best literary eduealion.” 
Mill did, in tact, deliver a nolde panegyric upon 
classical studies. I do not doubt its justice, nor 
presume to question its wisdom. But I venture to 
maintain that no wise or just judge, who has a kiu)\v- 
ledge of the facts, will hesitate to say that it applies 
with equal force to .scientific training. 

* Inaugural A<Mrcss dclivcrca to tlni irniver.sity of St. Aii'li<'\v^ 
Fubruary 1 , 1807, by . 1 . S. Mill, Rector of llie tljiiversily (cp- '1"’ 
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But it is only fnir to tlie Scottish UnivcTsiti(‘s to 
point out that tlicy have long uiRhu’stood tlie value 
of Science as a braiicli of general education. I observe, 
with the greatest satisfaction, that candidates for the 
degree of ]\raster of Arts in this University are re- 
(|uirc;d to have a knowledge, not only of Alental and 
M()i‘al riiiloso})hy, and of MallKimatics and Natural 
riiilosot)liy, Init of Natural History, in addition to 
tlie ordinaiy Latin and Creek course ; and that a 
candidate may take honours in these sul)jects and in 
Chemistry. 

1 do not know what the re(piirem(‘nts of yuiir 
examiners may be, but I sincerely trust tliey are not 
satisfied with a mere book knowledge of these matters. 
For my own })art, 1 would not raise a finger, if I 
could tlieri'by introduce! men! l)ook work in sidence 
into every Arts cuiTieudum in the country. Let those 
who want to study books devote themselves to Litera- 
ture, hi which we have the perfection of books, both 
as to substance and as to form. If 1 may j>araj)hrase 
irol)bess wi'll- known aphorism, I would say that 
‘'books are the money of Literature, but only the 
counters of Science,” Science (in the sense in whii'h [ 
now use the term) being the knowledge of fact, of 
^vhich eveiy verbal description is but an incom])lete 
and syml)olic expression. . And be assured that no 
teaching of science is worth anything, as a numtal 
discipline, which is not based upon direct perception 
nf the facts, aiid practical exercise of the ol)serving 
and logical facullhes upon IIkmu. Kwn in siu'h a 
‘‘^nnple matter as the mere comprehension of form, ask 
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the most pmctised and widely informed anatomist 
what is the differenee between his knowledge of a. 
struetnre whii'h he has read about, and his knowledg(' 
of the same structure when he has seen it for himself; 
and he will tell you that the two things arc not com- 
parabh* — the difference is infinite. Thus I am veiy 
strongly inclined to agree with some learned s(*hool- 
masters avIio say that, in their experience, the ti'aeli- 
ing of science is all waste time. As tliey t(‘ach it, I 
have no doubt it is. But to tea('h it otherwise, i*e- 
(juiros ail amount of personal labour and a deve]r.|)- 
ment of means and aj)pliances, wliicli must strike 
horror and dismay into a man accustomed to nuav 
book work; and who has been in the liabit of t('ach- 
ing a class of fifty witliout much strain upon his 
energies. And this is one of llie, ival dilileulties in 
the way of the introduction of physical science iiit(» 
tlu; ordinary University course, to wliich 1 have 
alluded. It is a difficulty whieli will not l)e ovci‘- 
come, until years of jiatieiit study have organised 
scientifie. teaching as well as, or 1 hope, better than, 
classi('al teaching has Ixam organised hitherto. 

A lilth*. wliil(‘, ago, 1 vmitured to hint a doiihf 
as to the ])erfection of some of the aiTang(*mci)(s 
in the ancient Universities of Ihigland ; Init, i>^ 
their provision for giving instruction in Science as 
such, and without direct reference to any (d’ iU 
practical applications, they have set a lu’illiant ex- 
ample. AVithin the last twenty ja^ars, Oxford alone 
has sunk more than a hundred and t-wenty thousand 
l)ouiids in building and furnishing Pliysical, Chemical, 
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'^(1 riiysiological Laboratories, iinJ a magnificTiit 
I'lliiseum, arranged with an almost luxurious irgard 
;.for tlui needs of the student. Cambridge, less lieh, 
•but aided by tlie munificence of her Cliancellor, is 
taking the same coui*se ; and, in a fi^w years, it will 
* be for no lack of the means and appliances of sound 
teaching, if the mass of linglish University men re- 
main in their ])resent state of barbarous ignorance of 
even the rudiiiKnits of scientific culture. 

Yet another step needs to be made before Science 
can be said to have ttdvcn its proper place in the 
Universities. That is its re(iOgnition as a Faculty, or 
branch of study demanding recognition and special 
organisation, on account of its bearing on the wants, 
of mankind. The Faculties of Theology, Law, and 
'Medicine, are technical schools, intended to ecjuip 
rmen who have received general culture, with the 
special knowledge which is needed for the proper per- 
formance of the duties of clergymen, lawyers, and 
tned ical practi ti oners. 

When the ma/crial well-being of the country 
ie})endcd upon rude pasture and agriculture, and still 
rud(‘r mining ; in the days when all (he innumerable 
ai)plications of the principles of physieal science to 
praijtical purposes were non-c'xistent even as dreams ; 
lays whi(ih men living may have heard their fathers 
speak of; what little physical science could be seen 
bo l)ear directly upon human life, lay within the pro- 
vince of Medicine. Medicine was the foster-mother 
L)f Chemistry, because it has to do with the prepara- 
tion of drugs and the detection of poisons ; of Botany, 
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bccaiLsc it ciialJod tlio physician to recognise medici- 
nal herbs ; of Comparative Anatomy and Pliysiology, 
because tlie man who studied Human Anatomy and 
Physiology for purely medical purposes was led to 
extend his studies to the rest of the animal world. 

'Within my recollection, the only way in which a 
student could obtain anything like a training in 
Physical Sciiaicc, was by atti'iiding the lectures of 
the Proh'ssors of Pliysical and Natural Science at- 
tached to tlie Medu'id Schools. Put, in the course of 
the last tliirty years, botli foster-mother and child 
have grown so l)ig, that they tlireateii not oiily to 
('rush one aiiotlier, ])ut to press the very life out of 
the unliappy student who (‘liters the nursi'iy ; to the 
great detriment of all tlircjc. 

I speak in the presimc^e (►f those who know prac- 
tically what medi('al ediuiation is; for I may assume 
that a large projiortion of my hearf‘rs are more or less 
advanced students of medif'iim. I a[)p(^a.l to the most 
industrious and conscientious ajinnig you, to those 
who arc nmst deeply p(?n(‘tratc(l with a sense of the 
extremely serious responsibilities wlii(jh attach to the 
culling (jf a nu'dical practitioner, wlnm 1 ask whether, 
out of the four years which you ihivote to your studu's, 
you ought to spare even so much as an hour for any 
Avork which docs not tcnd.directly to fit you for your 
duties ? 

Consider what that work is. Its foundation is a 
sound find practical a(U|uaintance with the structure 
of tlie human organism, and with the modes and con- 
ditions of its action in health. ] .say a sound and 
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practical acquaintance, to guard against tlie supposi- 
tion that my intention is to suggest that you ought 
all to be minute anatomists and accomplished physi- 
ologists. Tlui devotion of your whole four years to 
Anatomy and Pliysiology alone, would be totally 
insufficient to attain tliat end. Wliat I mean is, the 
sort of practical, familiar, finger-end knowledge which 
a watchmaker has of a watch, and which you expect 
that craftsman, as an honest man, to have, when you 
(Mitrust a watch that goes badly, to him. It is a kind 
of knowledge which is to be accpiired, not in the 
lecture-room, nor in the library, but in the dissecting- 
room and the laboratory. It is to be had, not by 
sharing your attention between these and sundry other 
subjects, but by concentrating your minds, week after 
week, and month after month, six or seven hours a 
day, upon all tlui complexities of organ and function, 
until eacli of the greater truths of anatomy and physi- 
ology has become an organic part of your minds — 
until you would know them if you were roused and 
questioned in the middle of the night, as a man knows 
the geography of his nat ivii })laee and the daily life of 
his home. Tliat is lluj sort of knowledge which, once 
obtained, is a life-long possession. Other occupations 
may fill your minds — it may grow dim, and seem to 
be forgotten — but there it is, like the ins(Tiption on a 
battered and d(‘faced coin, whiidi conies out when you 
warm it. 

11 1 had the power to remodel Medical Education, 
the first two years of the medical curriculum should 
be devoted to nothing but siieli thorough study of Ana- 

E 
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tomy and Pliysiology, with Physiological Chemistry 
and Physics; the student should then pass a real, 
practical examination in these subjects; and, having 
gone tlirough that ordeal satisfactorily, he should be 
troubled no more with them, liis whole mind should 
then be given with equal intentness, to Therapeutics, 
in its broadest sense, to Practical Medicine and to 
Surgery, with instruction in Hygiene and in Medical 
Jurisprudence ; and of these subjects only — surely 
there are enough of them — should he be required to 
show a knowledge in his final examination. 

I cannot claim any special property in (his theory 
of what the medical curriculum should be, for I find 
that views, more or less closely approximating these, 
are held by all who havii seriously (tonsid(‘red the very 
grave and [iressing qiu'stion of J\ledical KiTorm ; and 
have, indeed, been carriiid into practice, to some extent, 
by the most enlightened Examining Boards. 1 have' 
heard but two kinds of objections to them. There is, 
first, the objection of vested interests, which I will not 
deal with here, because I want to malvo myself as 
pleasant as I can, and no discussions are so unpleasant 
as those wliieh turn on such points. And there is, 
secondly, the much more respectable objection, which 
takes the general form of the reproach that, in thus 
limiting the curriculum,* we are seeking to narrow it. 
We are told that the medical man ought to be a person 
of good cducaticju and general information, if his pro- 
fession is to hold its own among otluir professions ; that 
he ought to know Botany, or else, if he goes abroad, he 
will not be able to tdl poisonous fruits from edible 
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ones ; that he ought to know drugs, as a druggist 
knows them, or he will not be able to tell sham bark 
and senna from the real articles ; that he ought to 
know Zoology, because — well, I really have never 
been able to learn exactly why he is to be expected 
to know zoology. There is, indeed, a popular super- 
stition, that doctors know all about things that are 
queer or nasty to the general mind, and may, there- 
fore, be reasonably expected to know the barbarous 
binomials'^ applicable to snakes, snails, and slugs; an 
amount of information with which the general mind 
is usually completely satisfied. And there is a scien- 
tific superstition that Physiology is largely aidtal by 
Comparative Anatomy — a superstition which, like 
most superstitions, once had a grain of truth at bot- 
tom ; l)ut the grain has become homoeopathic, since 
Physiology took its modern experimental develop- 
ment, and l)ccame what it is now, the application of 
the princi))les of Physics and Cliemistry to the eluci- 
dation of the phenomena of life. 

I hold as strongly as any one can do, that the 
medical practitioner ought to be a person of education 
and good general culture ; but I also hold by the old 
theory of a Faculty, that a man should have his general 
culture before he devotes himself to the spe(‘ial studies 
of that Faculty ; and I venture to maintain, that, if 
the general culture obtained in the Faculty of Arts 
were what it ought to be, the student would have 
quite as much knowledge of the fundamental principles 
of Physics, of Chemistry, and of Biology, as he needs, 
before he commenced his special medical studies. 
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Moreovor, I would urge, that a thorough study of 
Human Pliysiology is, in itself, an education broader 
and more com})rohcnsive than much that passes under 
that name. There is no side of the intellect whicli it 
does not call into play, n^ region of human knowledge 
into which cither its roots, or its branches, do not, 
extend ; like tlic Atlantic between the Old and tlu' 
New Worlds, its waves wash the shores of tlie two 
worlds of matter and of mind ; its tributary streams 
flow from lioth ; through its waters, as yet unfurrowed 
by the keel of any Columbus, lies the road, if sucli 
there be, from the one to the other ; far away from 
that North-west Passage of mere speculation, in wliieli 
so many brave souls have been hopidessly frozen up. 

Put whether T am right or wrong about all this, 
the patent fact of the limitation of time remains. As 
the song runs : — 

“ If a man could Ik; muit* 

That his life would oiiduro 
For the space of a thoiisaml long years " 

he might do a number of things not practicable under 
present conditions. Methuselah might, with mueii 
])ropriety, have taken half a, century to get his doctor's 
degree; and might, very fairly, have been requircMl 
to pass a practical examination u])on the contents 
of the British Museum; before commencing practic(i 
as a promising young fellow of two hundred, or there- 
abouts. But you have four years to do your work 
in, and are turned loose, to savii or slay, at two or 
three and twenty. 

Now. T put it to you, whether you think that. 
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when you come down to tlic realities of life— when 
you stand by tlic sick-lied, racking your brains for 
the principles wliich shall furnish you with the means 
of interpreting symptoms, and forming a rational 
theory of the condition of your patient, it will be 
satisfactory for you to find tliat those priiuaples tire 
not there — although, to use the examination slang 
whicli is unfortimately too familiar to mo, you can 
(pute easily “give an account of the leading pecu- 
liarities of the Marsiipialki^^' or “enumerate the 
chief characters of the Co)tiimit(Vy' or state the class 
and order of the animal from which Castoreum is 
obtained.” 

1 really do not think that state of things will be 
satisfactory to you ; I am very sure it will not be so 
to your patient. Indeial, T am so narrow-minded 
myself, that if 1 had to choose between two physi- 
cians — one who did not know whether a whale is a 
fish or not, and could not tell gimtian from ginger, 
but did understand the applications of the institutes 
of medicine to his art ; while the other, like Talley- 
raiuVs doctor, “knew everything, (‘ven a little physic” 
— with all my love for breadth of culture, I should 
assuredly consult the former. 

It is not pleasant to incur the suspicion of an in- 
clination to injuri*. or depreciate particular branches 
of knowledge. But the fact that one of those which 
1 should hav('. no hesitation in (‘xcluding from the 
medical curriculum, is that to which my own life has 
been specially devoted, should, at any rate, defend me 
Ironi the suspicion of being urged to this course by 
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any but the very, gravest considerations of the public 
welfare. 

And T should like, further, to call your attention 
to the important circumstance that, in thus proposing 
the exclusion of the study of such branches of know- 
ledge as Zoology and Botany, from those compulsory 
upon the medical student, I am not, for a im)mcnt, 
suggesting their exclusion from the University. J 
think that sound and practical instruction in the 
elementary facts and lu'oad prin{n’ph‘S of Biology 
should form part of the Arts (hirriculum: and here, 
happily, my theory is in entire accordance with your 
practice. ]\roreovcr, as I have already said, I have 
no sort of doubt that, in view of the relation of 
Physical Sci(‘nce to the jmictieal life of the present 
da}', it has tlie same right as Tlu'ology, Law, and 
Medicine, to a Faculty of its OAvn in which men shall 
be trained to be professional nuai of science. It may 
be doubted wh(‘ther Universities are the places for 
teclmical schools of Engineering, or Apj)lied Chemis- 
try, or Agriculture. But there can surely be little 
question, that instruction in the. branches of Science 
which lie at the foundation of these Arts, of a far 
moj’e advanced and special chaj'acter than could, with 
any pro})riety, be included in the ordinary Arts 
Curriculum, ought to bri obtainable by means of a 
duly organised Faculty of Hcdcnce in every Uni- 
versity. 

rile establishment of .such a Faculty would have 
the additional advantage of providing, in some 
measuri?, for one of the greatest wants of our time 
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aiul country. I mean the proper support and en- 
couragement of original research. 

The other day, an empliatic friend of mine com- 
mitted liimsclf to the opinion tliat, in England, it is 
better for a man’s worldly prospects to be a drunkard, 
tlian to be smitten with the divine dii)Somania of the 
original investii^ator. 1 am inclined to think he was 

o ‘ j 

not far wrong. And, l)e it observed, tliat the ques- 
tion is not, whetlier such a man shall be able to make 
as much out of his abilities as his brother, of like 
al)ility, who goes into Law, or Engineering, or Com- 
merce; it is not a question of ''maintaining a due 
number of saddh‘. horses,” as Ceorge Lliot somewhere 
puts it — it is a qu(‘st ion of living or starving. 

If a student of my own subject shows power and 
originality, I dare not advise him to adopt a scientific 
career; for, supposing h(‘ is aide to maintain himself 
until he has attaiiK'd distinction, f cannot give him 
the assurance that any amount of i)roliciency in the 
biological Sciences will be convertible into, even the 
most modest, bread and che(‘se. And 1 believe that 
the case is as bad, or perhaps worse, with other 
branches of Science. Tn this respect Britain, whose 
immense wealth and prosperity hang u})OU the thread 
of Applied Science, is far behind France, and infin- 
itely b(‘hind Germany. 

And the worst of it is, that it is vmy diflicult to 
see one’s way to any immediate remedy foi* this state 
of affairs whi(di shall be free from a tendency to become 
worse than the disease. 

Great schemes foi‘ the Endowment of Kesearch 
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have been proposed. It lias been suggested, that 
Laboratories for all brandies of Physical Science, pro- 
vided with every apparatus needed by the investi- 
gator, shall be established by the State : and shall be 
accessible, under due conditions and regulations, to 
all propi'rly qualified persons. I see no objection to 
tlic principle of such a proposal. If it lie legitimate 
to spend great sums of money on public Lil)raries and 
public collections of Painting and S(‘ulptui’e, in aid of 
the man of letters, or the Artist, or for llie nnun sake 
of affording pleasure to the gen(‘ral ])ul)H(‘, I apprehend 
that it cannot lie illegitimate to do as much for tlu' 
promotion of s(*ientific inv(*stigation. To take tlu* 
lowest ground, as a nuu’e investmenl. of money, tlu* 
latter is likely to be mudi more imnuMl lately profitabl(‘. 
To my mind, the dinieultv in the way of such seluanes 
is not theoretical, but ])raclical. (livvu the labora,- 
tories, how are the investigators to la^ maintained ? 
Wliat cai'eer is open to those who liavi*, Ixaui thus 
encouraged to leave bread-winning pursuits ? If they 
are to be provided for by endowment, W(' come back 
to the Collofre fellowship system, the results of wliicli, 
for Literature, liave not been so l)rilliant that one 
would wish to sec it extended to Science ,* unless some 
much better securities, tJian at ]»reseiit exist, can be 
taken that it will foster real work. You know that 
among the Lees, it depimds on the kind of (•ell in 
wliich the ('gg is d(‘posited, and tlie quantity and 
quail Ly of haxl wliicii is supjdied to the grub, wdiethcr 
it shall turn out a busy litthi worker or a big idle 
queen. And, in the liumaii hive, the cells of the 
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oriJowcd larviie are always tending to enlarge., and 
their food to improve, until we get queens, beautiful 
to behold, but which gather no- Iioney and l)uild no 
comb. 

I do not say that these difficulties may not l)c 
overcome, l)ut their gravity is not to be lightly esti- 
mated. 

In tlic meanwhile, there is one stej) in the direction 
of tlie endowment of research wliich is fi-ee from sucli 
ol)iections. It is possil)le to place tbe scientific 
inquirer in a position in wliicli he shall hav('. ample 
l(‘isur('. and opportunity for original work, and yet 
shall give a. fair and tangibles (‘quivalent for those 
privileges. The (‘stablishment of a Faculty of Science 
in every University, implies that of a corresponding 
number of Pj’ofessorial chairs, the incumbents of 
which n(‘e(l not hv so burdened with teaching as to 
deprive them of am})le linsure for original work. I 
do not think that it is any impediment to an original 
invest iijator to have to (hwote a moderate t)ortion 
of his time to lecturing, or siqxnintending practical 
instruction. On the contrary, I think it may be, and 
often is, a benefit to be obliged to tak(' a comt)r(‘hcn- 
sive survey of your subject; or to brnig your results 
to a point, and give tliem, as it were, a tangible 
objective existence. The Resetting sins of the investi- 
gator are two : the one is the desire to put aside a. 
subject, the general bearings of which h(' has mastered 
himself, and pass on to something wliich has the 
attraction of novelty ; and the other, the desire for 
too much perfection, which leads him to 
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“Add and alter many times, 

Till all be ripe and rotten ; ” 

to spend the energies which sliould be reserved for 
action, in Avhitening tlie decks and polishing the guns. 

The obligation to produce results for the instruc- 
tion of others, seems to me to be a more effectual check 
on these tendencies, than even the love of usefulness 
or the ambition for fame. 

But supposing the Professorial forces of our 
University to be duly organised, there remains an 
imjiortant (jiiestion, relating to the teaching power, to 
be considered. Is the Professorial system — the sys- 
tem, I mean, of teaching in the lecture -room alone, 
and leaving the student to find his own way wluui he 
is outside the lecture -room — adequate to tlui wants 
of learners ? In answering this (jiiestion, I confine 
myself to my own province, and I viuiture to rej)ly 
for Physical Sciem^e, assuredly and undoubtedly. No. 
As [ have already intimated, practi(tal woilv in the 
Laboratory is abs(dutely indispensable, and that prac- 
tical wrjrk must be guided and superintended by a 
sufiicient staff of Demonstrators, who are for Science 
what Tutors are for other branches of study. And 
there must be a good su])ply of such Demonstrators. 

I doubt if the jiractical work of more than twenty 
students c.an be proj)er'ly superintended by one 
Demonstrator. If we take the working day at six 
hours, that is less than twinity minutes a})iece — not a 
very large allowance of time for heljung a dull man, 
for correcting an inaccurate^ one, or even for making 
an intelligent student clearly apprehend wliat he is 
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about. And, no doubt, the supplying of a proper 
amount of this tutorial, practical teaching, is a dilli- 
culty in the way of giving proper instruction in 
Physical Science in such Llniversitios as tliat of Aber- 
deen, which are devoid of endowments ; and, unlike 
the English Universities, have no moral claim on 
the funds of richly endowed liodies to supply their 
wants. 

Examination — thovougli, searcliing examination — 
is an indispensable acc.ompaniment of teaching ; but I 
am almost inclined to commit myself to the very 
heterodox proposition that it is a necessary evil. I am 
a very old Examiner, having, for some twenty years 
past, been occupi(‘d with examinations on a, considi'.r- 
able scale, of all sorts and conditions of men, and 
women too, — from the boys and girls of elementary 
schools to the candidates for Honours and Fellowships 
in tin; Universities. 1 will not say that, in this case 
as in so many others, the adage, that familiarity 
breeds contempt, holds good; but my admiration for 
the existing system of examination and its products, 
does not wax wai’mer as I see more of it. Examina- 
tion, like fire, is a, good servant., but a, bad master; 
and there seems to me to be some danger of its 
becoming our master. 1 by no means stand alone in 
this opinion. Experienced’ friends of mine do not 
hesitate to say that students whose career they watcb, 
appear to them to become deteriorated by the constant 
ettort to pass this or that examination, just as we hear 
of men's brains becoming atfected by the daily 
necessity of catching a train. They work to jiass, not 
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to know; and outraged Science taken lier revenge. 
Tliey do jiass, and tlicy doidt know. 1 have passed 
sundry examinations in my time, not without credit, 
and I confess I am ashamed to tliink how very little 
real knoAvledge underlay the torrent of stuft' whicdi I 
AA^as able to pour out on paper. In fact, that Avhieh 
examination, as ordinarily conducted, tests, is simply 
a man’s power of AAmrk under stimulus, and his capacity 
for ra])idly and clearly producing that Avhicli, for the 
time, he lias got into his mind. Now, these faculties 
are l)y no means to he d(‘S})ised. They lire of greal- 
value in practical life, and an* tin* making of many an 
adA^ocate, and of many a so-(*alled statesman. But in 
the pursuit of truth, scienlifK'. or otlu'r, tluw count for 
very little, unless th(*y aiv supplemented by that long- 
continued, jiatient “intending of tin* mind,” as 
NeAvton phrased it, Avhich makes very little show in 
Examinations. 1 imagine that an Examiner Avho 
knoAvs his students personally, must not unfrinpiently 
have found himself in the position of finding A’s paper 
better than Bs, though his oavii judgment tells him, 
(juite cEairly, that B is the man who has the larger 
share of genuine capacity. 

Again, there is a fallacy about Examiners. It is 
commonly su})posed that any one who knows a subjeid 
is (!ompctent to teach it; 'and no one seems to doubt 
that any one Avdio knoAVS a subject is (‘ompetent to 
examine in it. I believe both these oiiinions to be 
serious mistakes : the latter, pcrha])s, the more serious 
of the tAvo. In the first place, I do not believe that 
any one Avho is not, or has not been, a teacher is really 
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qualified to examine advanced students. And in the 
second place, Examination is an Art, and a difficidt 
one, which has to be learned like all other arts. 

Beginners always set too difficult questions — ])artly 
luH".ause they arc afraid of being suspected of ignorance 
if they set easy ones, and partly from not understand- 
ing their business. Suppose that you want to test 
tlie relative physical strength of a score of young men. 
Y^ou do not put a hundredweight down Ijcfore them, 
and tell eacli to swing it round. Tf you do, halt of 
them won't be able to lift it at all, and only one or 
two will be al)le to ]>crform the task. You must give 
them half a hundredweight, and see how they man- 
oeuvre that, if you want to form any estimate of the 
muscular strength of each. So, a ])ractiscd Examiner 
will s(i(‘k for information respecting the mental vigour 
and training of candidates from the way in which 
they deal with questions easy enough to hd reason, 
memory, and method have free i)lay. 

No doubt, a great deal is to be done by the careful 
selection of Examiners, and by the copious introduc- 
tion of practical work, to remove the (‘vils inseparable 
from examination; but, under the best ot circum- 
stances, 1 believe that examination will remain but 
an imperfect test of knowledge, and a still more im- 
perfect test of capacity, while, it tells lu'xt to nothing 
about a man's power as an investigator. 

There is much to be said in lavour ot restricting 
the highest degrees in each Faculty, to those who 
have shown evidence of such original power, by j)ro- 
secuting a research under the eye of the Professor in 
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whose province it lies; or, at any rate, under con- 
ditions wliicli shall afford satisfactory proof that the 
work is theirs. Tlie notion may sound revolutionary, 
but it is really very old ; for, I take it, that it lies at 
the bottom of that presentation of a thesis by the 
candidate for a doctorate, which has now, too often, 
become little better than a matter of form. 

Thus far, 1 have endeavoured to lay before you, 
in a too brief and imperfect manner, my views respect- 
ing the teaching half — the Magistri and Regentes-- 
of the University of the Future. Now let me turn to 
the learning half— the Scholares. 

If the Universities are to be the sanctuaries of the 
highest culture of the country, those who would 
enter tliat sanctuary, must not come, with unwashed 
hands. If the good seed is to yield its hundredfold 
harvest, it must not be scattered amidst the stones of 
ignorance, or the tares of undisciplined indolence and 
wantonness. On the contrary, the soil must have 
been carefully prepared, and the Pi'ofessor should find 
that the operations of clod -crushing, draining, and 
weeding, and even a good deal of jdaiiting, have been 
done by the Schoolmaster. 

That is exactly what the Profi'ssor does not find 
in any University in the. three Kingdoms that I can 
hear of — the reason of whicdi stab; of thing's lies in 
the extremely faulty organisation of the majority of 
secondary Schools. Students come to the Universities 
ill-prepared in (dassics and mathematics, not at all 
prepared in any tiling else ; an<l half their time is 
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spent in learning that which they ought to have 
known when they came. 

I sometimes hear it said that the Scottish Uni- 
versities differ from the English, in being to a much 
greater extent places of comparatively elementary 
education for a younger class of students. But it 
would seem doubtful if any great difference of this 
kind really exists ; for a high authority, himself Head 
of an English College, has solemnly affirmed that: 
‘‘ Elementary teaching of youths under twenty is now 
the only function pcrfoiined by the University and 
that Colleges arc ‘‘boarding schools in which the 
elements of the learned languages arc taught to 
youths.”^ 

This is not the first time that I have quoted those 
remarkable assertions. I should like to engrave them 
in public view, for they have not been refuted ; and 
I am convinced that if their im})ort is once clearly 
apprehended, they will play no mean part when the 
question of UiiiwT'sity reorganisation, with a view to 
practical measures, comes on for discussion. \ ou are 
not responsible for this anomalous state of allairs 
now; but, as you pass into active life and acquire the 
political influence to which your education and your 
position should entitle you, you will become respon- 
sible for it, unless each in his sphere docs his best to 
alter it, by insisting on the improvement of secondary 
Schools. 

Your present responsibility is of another, though 

^ “ Suggestions for Academical Oiganisation, with Especial Refer* 
once to Oxford.” By the Rector of Lincoln. 
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not less serious, kind. Institutions do not makv. men, 
any more than organisation makes life ; and even the 
ideal University we have been drenming about will 
be but a superior piece of meehanisin, unless each 
student strivci nfler the ideal of the Scholar. And 
that ideal, it seems to me, has never been better em- 
bodied tluiii by the great Poet, who, though lapped in 
luxury, the favourite of a Court, and the idol of his 
countrymen, remained through all the length of his 
honoured years a Scholar in Art, in Science, and in 
Tiif(‘. 

“ Wouldst sliape a iiol)l(‘ lif<; 1 Then ca.st 
iSio backward glances towards the past : 

And tliough somewhat bo lost and gone, 

V(‘t do thou act as one new-born. 

W'liat each day needs, that shalt thou ask ; 
tl;ich day will set its pro[)er task. 

Clive other’s work just share of prai,s(‘ ; 

Not of thine own the merits iai.se. ' 

Beware no fellow man thou hat(j : 

And so ill Ctod’.s h;ind.s leave tliy fale.” ^ 


^ (loetlie, Zahme Xenivn, Viule Ablhcilimg. I should ])o glad to 
take credit for the cloce and \igorous Engli.sli ver.doii ; but it i.s my 
wife’s, and not mine. 
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III. 

TECHNICAT. EDUCATION. 

Any candid o]).s(‘i'ver of tlu) plienomciia of niodorn 
society will readily admit tliat l)orcs must lie classed 
among the enemies of the liiiman race ; and a little 
considei’ation will j)rol)al)ly lead him to the further 
a<hiiission, that no spe(*ies of that extensive genus of 
noxious creatures is more ohjeetionable than the educa- 
tional hore. (Vmviiiced as I am of the truth of this 
great social generalisation, it is not without a certain 
ti’epidatioii that I venture to address you on an educa- 
tional topic. Eoi*, in the course of the last ten y(‘ars, 
to go hack no farther, 1 am afraid to say how often 1 
have ventured to s[)eak of education, from that given 
in the primary schools to that which is to l)e had in 
the universities and medical colleges ; indeed, the only 
part of this wide region into which, as yet, 1 have not 
adventured is that into which I j)roposc to intrude 
to-day. 

Thus, I cannot hut be aware that I am dangerously 
near becoming the thing wliich all men fear and fly. 
Ihit I have deliberately elected to run the risk. For 
when you did me the honour to ask me to addi’oss you, 
an unexpected circumstance had led me to occupy 

F 
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luysclf seriously with the question of technical educa- 
tion ; and I had acquired the conviction that there are 
few subjects respecting which it is more important for 
all classes of the community to have clear and just 
ideas tlian this ; while, certainly, there is none which 
is more deserving of attention by the AVorking Men s 
Club and Institute Union. 

It is not for me to express an opinion Avhether the 
considerations, wliicli I am about to submit to you, will 
be proved by experience to be just or not ; but I will 
do my best to make them clear. Among the manv 
good things to be found in Lord Bacon’s works, none 
is more full of wisdom than the saying that ‘Mruth 
more easily comes out of error than out of confusion.’’ 
(’lear and consecutive wrong-thinking is the next Ixvst 
thing to right-thinking; so that, if I smtceed in clear- 
ing your ideas on this topic, I shall have wasted ncitlua* 
your (im(‘ nor my own. 

“Te('hnical education,” in the sense in which the 
term is ordinarily us(m1, and in which I am now 
employing it, means that sort of education Avhich is 
specially adapted to the needs of men whose busiiu'ss 
in lif(i it is to pui’sue some kind of handicraft; it is, 
in fact, a fine Cre(;o-La(.in equivalent for what in good 
vernacular Liiglish Avould be called “the teaching of 
handicrafts. And ])robably, at this stage of our pro- 
gress, it may occur to many of you to think of tluj 
story of the cobbler and his last, and to say to your- 
selves, though you will be too polite to put the question 
openly to me, What does the speaker know practically 
about this matter ? What is his handicraft ? I think 
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the question is a very proper one, and unless I were 
prepared to answer it, I hope satisfactorily, I sliould 
have chosen some other theme. 

The fact is, I am, and have been, any time these 
thirty years, a man who works with liis hands — a 
liandicraftsman. I do not say this in the broadly 
metapliorical sense in Avhicli fine gentlemen, with all 
the delicacy of Agag about them, trip to the hustings 
al)out election time, and protest that they too are 
working men. I really mean my words to be taken 
ill llieir direct, literal, and straightfoi'ward sense. In 
fa(;t, if the most nimble-fingered watchmaker among 
you Avill come to my workshop, he may set me to put 
a watch together, and T will set him to dissect, say, a 
blackbcetle s nerves. 1 do not wish to vaunt, but I 
am inclined to think that I shall manage my job to his 
satisfaction sooner than he will do his piece of work 
to mine. 

In truth, anatomy, which is my handicraft, is one 
of the most difficult kinds of mi'chanical labour, in- 
volving, as it does, not only lightness and dexterity 
of hand, but sharp eyes and endless patience. And 
you must not siqipose that my particular branch of 
science is especially distinguished for the demand it 
makes upon skill in manipulation. A similar require- 
ment is made upon all students of physical science. 
The astronomer, the electrician, the chemist, the miner- 
alogist, the botanist, are constantly called upon to ])er- 
forni manual operations of exceeding delicacy. The 
progress of all branches of jihysical science depends 
^ipou observation, or on that artificial observation 
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which is termed experiment, of one kind or another ; 
and, the fartlier we advance, the more practical difti- 
ciilties surround the investigation of the conditions of 
the problems offered to us ; so tliat mobile and yet 
stead}^ hands, guided by clear vision, arc more and 
more in request in the worksliops of science. 

Indeed, it lias struck me that one of tlie grounds 
of that symjiatliy bc'tween the handicraftsmen of tliis 
countiy and tlie men of science, by whicli it has so 
often been my good fortune to profit, may, perhaj>s, 
lie liere. You feel and we feel that, among the so- 
called learned folks, we alone are brought into contact 
with tangible facts in the way that you are. You 
know well enough that it is one thing to write a 
history of chairs in general, or to address a poem to 
a throne, or to speculate about the occult jiowers of 
the chair of tit. Peter; and quite another thing to 
make with your own hands a veritable chair, tha(. 
will stand fair and square, and afford a safe and satis- 
factory restjiig-])lace to a frame of sensitiveness and 
solidity. 

vSo it is with us, when we look out from our 
scicuitific handicrafts upon the doings of our learned 
brethren, whose work is untrammelled by anything 
^Mjase and mcchanicaV^ as handicrafts used to be 
called when the workb was younger, and, in some 
respects, less wise than now. We take the greatest 
intei’cst in their pursuits ; avc arc edified by their 
hiotories and are charmed with their poems, which 
sometimes illustrate so remarkably the jjowers of maii^s 
imagination ; some of us admire and even humbly try 
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to follow them in their high philosophical excursions, 
though we know the risk of being sniil)bocl by the 
inrjuiiy whether grovelling dissectors of monkeys and 
l)lackbeetlcs can hope to enter into the empyrenl 
kingdom of speculation. But still we feel tliat our 
business is different ; humbler if you will, thougli tlie 
diminution of dignity is, perhaps, compensated by flic 
increase of reality ; and that we, like yon, liave to g('t 
our Avork done in a region where little avails, if tbe 
])Ower of dealing Avith practical tangible facts is want- 
ing. You knoAV that clewer talk touching joinery will 
not make a chair ; and I know that it is of about as 
mu(!h value in the })bysical sciences. Mother Nature 
is serenely obdurate^ to honeyed Avords; only those 
Avlio understand the Avays of things, and can silently 
and effectually handle them, get any good out of 
her. 


And noAV, having, as I hope, justified my assump- 
lion of a place among handicraftsmen, and put myself 
right Avith you as to my qualification, from practical 
knowledge, to speak about technical education, I will 
proceed to lay l)efore you the results of my experience 
as a teacher of a handicraft, and tell you Avhat sort of 
education I should think best adapted for ahoy whom 
one wanted to make a professional anatomist. 

I should say, in the first place, let him hxvo a good 
English elementary education. I do not mean that 
he shall be able to pass in such and such a standard 
— that may or may not be an equivalent expression 
--but that his teaehiim shall haAm been such as to 

o 
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have given liim command of the common implements 
of learninof and to liave created a desire for the thino.s 
of the understanding. 

Further, I should like him to know the elements 
of physical science, and especially of physics anrl 
chemistry, and I should take care that this elementary 
knowledge was real. I should like my aspirant to be 
able to read a scientific treatise in Latin, French, or 
German, because an enormous amount of anatomical 
knowledge is locked up in those languages. And 
especially, I should require some ability to draw — I do 
not mean artistically, for that is a gift which may l)e 
cultivated but cannot be learned, but with fair accu- 
racy. I will not say that everyl)ody can learn even 
this; for the negative development of the faculty of 
drawing in some people is jdmost miraculous. Still 
everybody, or almost every liody, can learn to wrii(‘; 
and, as wj’iting is a kind of drawing, I suppose that 
the majority of the people who say they cannot draw, 
and give copious evidence of the accuracy of tlu'ir 
assertion, could drawq after a fashion, if they tried. 
And that after a fashion ” would be better than 
nothing for my purposes. 

Above all things, let my imaginary pupil have 
preserved the freshness and vigour of youth in his 
mind as well as his body. The educational abomina- 
tion of desolation of the present day is the stimu- 
lation of young people to work at high pressure by 
incessant competitive examinations. Some wise man 
(who probably was not an early riser) has said of early 
risers in general, that they are conceited all the fore- 
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noon and stupid all the afternoon. Now whether this 
is true of early risers in the common acceptation of 
the word or not, I will not pretend to say ; hut it is 
too often true of the unhappy cliildren wlio arc forced 
to rise too early in tlieir classes. They are conceited 
nil the forenoon of life, and stupid all its afternoon. 
The vigour and freshness, which should have been 
stored up for the i)urposes of the hard struggle for 
existence in practical life, have been washed out of 
them by precocious mental debauchery — by book 
gluttony and lesson bibbing. Their faculties are 
worn out by the strain put upon their callow brains, 
and they arc demoralised by worthless childish 
triumphs before the real work of life begins. I have 
no compassion fur sloth, but youth has more need for 
intellectual rest than age; and the cheerfulness, the 
tenacity of purpose, the power of work whicii make 
many a succ(‘ssfiil man what he is, must often be 
placed to the credit, not of his hours of industry, but 
to that of his hours of idleness, in boyhood. Even 
the hardest worker of us all, if he has to deal with 
anything above mere details, will do well, now and 
again, to let his brain lie fallow’' for a sj)ace. The 
next crop of thought will certainly be all the fuller in 
the ear and the w^eeds fewer. 

This is the sort of education wdiich I should like 
any one who was going to devote himself to my handi- 
craft to undergo. As to knowing anything about 
anatomy itself, on the wdiole I wmuld rather he left 
that alone until he took it up seriously in my labora- 
tory. It is hard work enough to teach, and I should 
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not like to liave supcraddecl to that the possible 
need of nnteaclilniif. 

Well, but, you will say, this is Hamlet with the 
Prince of Denmark loft out ; your technical educa- 
tion” is simply a good education, with more attention 
to physical science, to drawing, and to modern lan- 
guages, than is common, and there is nothing specially 
technical about it. 

Exactly so; that remark takes us straight to the 
heart of what I have to say; which is, that, in my 
judgment, the preparatory education of the handi- 
craftsman ought to have nothing of what is ordinarily 
understood by technical ” about it. 

The workshop is the only real s(‘hool for a haiuli- 
craft. The education which precedes that of the 
workshop should be entirely devoted to the strengthen- 
ing of the body, the elevation of the moral faculties, 
and the cultivation of the intelligence; and, especially, 
to IIk; imbiiiiigf the mind with a broad and clear vhiw 
of the laws of that natural world with the (jomponents 
of Avliich the handicraftsman will liave to deal. And, 
the earlier the period of life at whicli the handicrafts- 
man has to enter into actual practice of his craft, the 
more important is it that he should devote the jirecious 
hours of preliminary education to things of the mind, 
which have no direct and immediate bearinjx on his 
branch of industry, though they lie at the foundation 
of all realities. 


Now let me apply the lessons I have learned from 
my handicraft to yours If any of you were obliged 
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to take an apprentice, I suppose you would like to 
get a good licaltliy lad, ready and willing to learn, 
handy, and with his fingers not all thumbs, as the 
saying goes. You would like that he should read, 
write, and cipher well; and, if you were an intelligent 
master, and your trade involved the application of 
scientific principles, as so many trades do, you would 
like him to know enough of the elementary principles 
of science to understand what was going on. I sup- 
pose that, in nine trades out of ten, it would be useful 
if he could draw ; and many of you must have la- 
mented your iiialiility to find out for yourselves what 
foriMgnors arc doing or have done. So that some 
knowledge of French and German miglit, in many 
cases, be very desirable. 

So it apiiears to me that what you want is pretty 
much what I want; and the practical question is. 
How you are to g(‘t what you need, under the actual 
limitations and conditions of life of handicraftsmen in 
this country ? 

I tliink I shall have the assent both of the em- 
ployers of labour and of the employed as to one of 
these limitations ; which is, that no scheme of tech- 
nical education is likely to be seriously entertained 
which will delay the entrance of boys into working 
life, or prevent them from contributing towards their 
own support, as early as they do at present. Not 
only do I believe that any such scheme could not be 
carried out, but I doubt its desirableness, even if it 
were practicable. 

The period between childhood and manhood is full 
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of difficulties and dangers, under tlic most favourable 
circumstances ; and, even among the 'well-to-do, who 
can afford to surround their children with the most 
favourable conditions, examples of a career ruined, 
before it has well begun, are but too frequent. More- 
over, tliose who have to live by labour must be shaped 
to labour early. The colt that is left at grass too 
long makes but a sorry draught-horse, thougli Iiis Avay 
of life docs not bring him within the reach of artificial 
temptations. Porliaps the most valuable result of all 
education is the ability to make yourself do the thing 
you have to do, when it ouglit to be done, whetlier 
you like it or not ; it is the first lesson that ought 
to be learned ; and, however early a man\s training 
l)egins, it is probal)ly the last lesson that he learns 
thoroughly. 

There is another reason, to which I have already 
adverted, and which I would reiterate, wliy any ex- 
tension of the time devoted to ordinary school-work 
is undesii’able. In the newly awakened zeal for 
education, we run some risk of forgetting the truth 
that wliile under -instruction is a bad thing, over- 
instruction may possibly be a worse. 

Success in any kind of practical life is not depend- 
ent solely, or indeed chiefly, upon knowledge. Even 
in tlie learned professions, knowledge, alone, is of less 
consequence than people are apt to suppose. And, if 
much expenditure of bodily energy is involved in the 
day s woj’k, mere knowledge is of still less importance 
when weighed against the probal)le cost of its acquire- 
ment. To do a fair days work with his hands, a 
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man needs, above all things, health, strength, and 
the patience and clieerfulncss which, if they do not 
always accompany these blessings, can hardly in tlic 
nature of tilings exist without them; to which we 
must add honesty of purpose and a pride in doing 
what is done well. 

A good handicraftsman can get on very well witli- 
out genius, but he will fare badly witliout a reasonable 
share of that which is a more useful possession for 
workaday life, namely, mother-wit ; and he will be all 
the better for areal knowledge, however limited, of the 
ordinary laws of nature, and especially of those which 
apply to his own business. 

Instruction carried so for as to help the scholar to 
turn his store of mother- wit to account, to acquire a 
fair amount of sound chunentary knowledge, and to 
use his hands and eyes; while leaving him fresh, 
vigorous, and with a sense of the dignity of his own 
calling, whatever it may be, if fairly and honestly 
pursued, cannot foil to be of invaluable service to all 
those who come under its influence. 

But, on the other hand, if school instruction is 
carried so for as to encourage bookishness ; if the 
ambition of the scholar is directed, not to the gaining 
of knowledge, but to the being able to pass examina- 
tions successfully; especially if encouragement is 
given to the mischievous delusion that brainwork is, 
in itself, and apart from its quality, a nobler or more 
respectable thing than luindiwork — such education 
may be a deadly mischief to the workman, and lead to 
the rapid ruin of the industries it is intended to serve. 
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I know that I am expressing the opinion of some 
of the largest as well as the most enlightened em- 
ployers of labour, when I say that there is a real 
danger that, from the extreme of no education, we 
may run to the other extreme of over-education of 
handicraftsmen. And I apprehend that what is true 
for the ordinary hand-worker is true for the foreman. 
Activity, probity, knowledge of men, ready mother- 
wit, supplemented by a good knowledge of the gen- 
eral principles involved in his business, are the making 
of a good foreman. If he possess theses qualities, 
no amount of learning will lit him better for his posi- 
tion; while the course of life and the habit of mind 
required for the attainment of such learning may, in 
various direct and indirect ways, act as direct dis- 
qualifications for it. 

Keeping in mind, then, that the two things to be 
avoided are, the delay of the entrance of boys into 
practical life, and the substitution of exhausted book- 
worms for shrewd, handy men, in our works and fac- 
tories, let us consider wliat may be wisely and safely 
attempted in the way of improving the education of 
the handicraftsman. 

First, I look to tlic elementary scliools now happily 
established all over the country. I am not going to 
criticise or find fault with them ; on the contrary, 
their establishment seems to me to be the most im- 
portant and the most beneficial result of the corporate 
action of the peoj)le in our day. A great deal is said 
of British interests just now, but, depend upon it, 
that no Eastern difficulty needs our intervention as a 
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nation so seriously, as the putting down both the 
Baslii-Bazouks of ignorance and the Cossacks of sec- 
tarianism at home. What has already been achieved 
in tliesc directions is a great thing ; you must have 
lived some time to know how great. An education, 
better in its processes, better in its sulistance, than 
that which was accessible to tlie great majority of 
well-to-do Britons a quarter of a century ago, is now 
obtainable by every cliild in the land. Let any man 
of my ago go into an ordinary elementary school, and, 
unless he was unusually fortunate in his youth, he 
will tell you that the educational method, the intelli- 
gence, jiaticnce, and good temper on the teacher’s 
jiart, which are no^v at the disposal of the veriest 
waifs and wastrels of society, arc things of which he 
had no experience in those costly middle-class schools, 
which were so ingeniously contrived as to combine all 
the evils and shortcomings of the great public schools 
with none of their advantages. Many a man, whose 
so-called education cost a good deal of valuable money 
and occupied many a year of invaluable time, leaves 
the inspection of a well-ordered elementary school 
d(;voutly wishing that, in his young days, he had 
had the chance of being as well taught as these boys 
and girls arc. 

But while, in view of such an advance in general 
education, I willingly obey the natural impulse to be 
thankful, I am not willing altogether to rest. I want 
to see instruction in elementary science and in art 
more thoroughly incorporated in the educational sys- 
tem. At present, it is being administered by driblets, 
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as if it were a potent medicine, a few drops to be 
taken occasionally in a teaspoon.” Every year I 
notice that that earnest and untiring friend of yours 
and of mine, Sir John Lubbock, stirs up the Govern- 
ment of the day in the House of Commons on this 
subject ; and also that, eveiy year, he, and the few 
members of the House of Commons, such as Mr. 
Playfair, who sympathise with him, arc met with 
expressions of warm admiration for science in gen- 
eral, and reasons at large for doing nothing in parti(ai- 
lar. ])iit now that Mr. Forster, to whom the education 
of the country owes so much, has announced his con- 
version to the right faith, I begin to hope that, sooner 
or later, things will mend. 

I have given what I believe to be a good reason for 
the assumption, that the keeping at school of boys, who 
arc to be handicraftsmen, beyond the age of thirteen or 
fourteen is neither ])racticable nor desiraldc ; and, as it 
is quite certain, that, with justice to other and no less 
important branches of education, nothing more than 
the rudiments of science and art teaching can be 
introduced into elementary schools, we must seek 
elsewhere for a supplementary training in these sub- 
jects, and, if need be, in foreign languages, which may 
go on after the workman s life has begun. 

The iiKains of accpiiring the scientific and artistic 
part of this training already exists in full working 
order, in the first place, in the classes of the Science 
and Art Department, which are, for the most part, held 
in the evening, so as to be accessible to all who choose 
to avail themselves of them after working hours. The 
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great advantage of these classes is that they bring the 
means of instruction to tlic doors of the Victories and 
workshops ; that tlicy arc no artificial creations, but 
by their very existence prove tlie desire of tlic people 
for tlieni ; and finally, tliat they admit of indefinite, 
development in proportion as they arc Avanted. I 
have often expressed the opinion, and I repeat it here, 
that, during the eighteen years tiny have been in 
existence, these classes have done incalculable good ; 
and I can say, of my own knowledge, that the Depart- 
ment sjjares no pains and trouble in trying to increase 
their usefulness and ensure the soundness of their 
work. 

No one knows better than my friend Colonel 
Donnelly, to whose clear views and great administra- 
tive abilities so much of the successful working of the 
science classes is due, that there is much to be done 
before tlic system can be said to be thoroughly satis- 
factory. The instruction given needs to be made 
more systematic and especially more practical; the 
teachers are of very unequal excellence, and not a few 
stand much in need of instruction themselves, not 
only in the subjects which they teach, but in the 
objects for Avhich they teach. I daresay you have 
heard of that proceeding, reprobated by all true 
sportsmen, which is called “shooting for the pot.” 
Well, there is such a thing as “teaching for the pot” 
—teaching, that is, not that your scholar may know, 
hut that he may count for payment among those who 
pass the examination ; and there are some teachers, 
happily not many, who have yet to learn that the 
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examiners of tlie Department regard them as poachers 
of the worst descrij)tion. 

Without presuming in any way to speak in the 
name of the Department, I think I may say, as a 
matter which has come under my own observation, 
that it is doing its best to meet all these difficulties. 
It systematically promotes practical instruction in the 
classes ; it affords facilities to teachers who desire to 
learn their business thoroughly; and it is always 
ready to aid in the suppression of pot-teaching. 

All this is, as you may imagine, highly satisfactory 
to me. I see that spread of scientific education, about 
which I have so often 2 >ennittcd myself to worry tluj 
public, become, for all ]3ra(jti(tal purposes, an accom- 
plished fact. Grateful as I am for all that is now 
being done, in the same direction, in our higher 
scliools and universities, I have ceased to have any 
anxiety about the wealthier classes. Scientific know- 
ledge is sjircading by what the alchemists called a 
“distillatio j)cr ascensum;” and nothing now can 
prevent it from continuing to distil upwards and per- 
meate English society, until, in the remote future, there 
shall be no member of the legislature who docs not 
know as much of science as an elementary school-boy; 
and even the heads of houses in our venerable seats 
of learning shall acknowledge that natural science is 
not merely a sort of University back-door through 
which inferior men may get at their degrees. Perha|)S 
this apocalyptic vision is a little wild ; and I feel I 
ought to ask pardon for an outbreak of enthusiasm, 
which, I assure you, is not my commonest failing. 
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I have said that the Government is already doing 
a, great deal in aid of that kind of tCMilinical education 
[or liandicraftsmcn whicli, to my mind, is alone wortli 
si'oking. Perliaps it is doing as much as it ouglit to 
do, even in tliis direction. Certainly there is aiiother 
kind of iielp of the most important character, for which 
wo may look elsewhere than to tlie Government. 
Tli(‘ great mass of mankind have neitlier the liking, 
nor the aptitude, for cither literary, or scientifi(!, or 
iirlistic pursuits; noi’, indeed, for excellence of any 
sort. Tlieir aml)ition is to go tlirough life with 
moderate exm'tion and a fair share of ease, doing 
common things in a common way. And a great 
hh'ssing and e.omfort it is tliat the majority of men 
an; of this mind ; for the majority of things to lie 
dom; Jii’c common things, and are (piite well enough 
dom; when commonly done. The great end of lih; is 
]iot knowledge but action. What men need is, as 
niucli knowledge as they can assimilate and oi’ganise 
into a basis for a(;tion; give them more and it may 
b(;come injurious. One knows p(!ople who are as heavy 
and stupid from undigested learning as otliers are from 
ov(;r- fulness of meat and drink. But a small per- 
centage of the population is born with that most 
excellent quality, a desire for excellence, or with 
special aptitudes of some sort or another ; J\Jr. Galton 
tidls us that not more than one in four thousand may 
bo expected to attain distinction, and not more than 
one in a million some share of that intensity of in- 
stinctive aptitude, that burning thirst for excellence, 
which is called genius. 
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Now, the most important object of all educational 
sclicmcs is to catcli these exceptional people, and turn 
them to account for tlie good of society. No man 
can say where they will croj) up ; like tlicir opposites, 
the fools and knaves, they appear sometimes in the 
palace, and sometimes in the hovel; but the great 
tlnng to be aimed at, I was almost going to say tlie 
most important end of all social arrangements, is to 
keep these glorious s])orts of Nature from l)eing either 
corrupted by luxury or starved by poverty, and to 
put them into tlie position in whicii they can do tlu‘- 
work for which tlicy arc specially fitted. 

Thus, if a lad in an elementary school shoAved 
signs of special capacity, I Avould try to pi’ovide him 
with the means of continuing his education after his 
daily working life had begun; if, in the ev(‘ning 
classes, ho developcal special ('a])abiliti(ss in the direc- 
tion of scienc(5 or of drawing, T would try to secinv. 
him an apj)renticeshij) to some trade in whicii tliosi^ 
powers would have applicability. Ur, if he chose 
to become a teachei*, he should have the chancci of 
so doing. Finally, to the lad of genius, the one in 
a million, 1 would make accessible the highest and 
most complete training the country could afford. 
Whatever that might cost, depend upon it the invest- 
ment would be a good one. I weigh my words wlnai 
I say that if the nation could purchase a 2 )otential 
Watt, or Davy, or Faraday, at the ejost of a hundred 
thousand pounds down, he would be dirt-cheap at tlic 
money. It is a nuTc. commonplace and everyday 
piece of knowledge, that what these*, three mcm did 
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lins produced untold millions of wealth, in the nniTow- 
cst 0(;onomicnl sense of the word. 

Tlierefore, as tlic sum and crown of what is to he 
(lone for teclinicul (;ducation, I look to the provision 
of a machinery for winnowing out the capacities and 
giving them scope. When I was a member of the 
fjondon fechool Board, I said, in the course of a 
s[)eecli, that our business Avas to provide a ladder, 
reaching from the gutt(‘r to tin*, university, along 
whi(;h ev(uy child in the three kingdoms should have 
llie chance of climl)ing as far as he was fit to go. 

I Ids phrase was so inindi bandi(}(l aliout at the time, 
tliat, to say trutli, I am ratlmr tired of it ; but I know 
of no other which so fully expresses my belief, ]iot 
only al)out education in gcmeral, but about technical 
education in particailar. 

The essential fouTidation of all the organisation 
iK'eded for the promotiem of education among handi- 
craftsmen will, I belhw e, exist in this country, when 
every Avorking lad can feel that society has done as 
much as lies in its power to rennjve all needh'ss and 
Jirtificial obstacles from his path; that there is no 
harrier, except sucdi as exists in the nature of thiims, 
between himself and Avhatever place in the social or- 
ganisation he is fitted to fill ; and, more than this, 
fhat, if he has capacity and industr}', a hand is held 
out to help him along any path Avhich is Avisely and 
honestly chosen. 

1 have endeavoured to point out to you that a, 
great deal of such an organisation already exists ; and 
1 mu ghid to be able to add (hat there is a good 
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prospect tluit wliat is wanting will, before long, be 
supplemented. 

Those powerful and wealthy societies, tlic livery 
companies of the City of liondon, remembering that 
they are the heirs and representatives of the trad(i 
guilds of the Itkhlle Ag(‘S, are interesting themselves 
in the question. So far back as 1872 the Society of 
Arts 01 ‘ganiscd a system of instruction in the techno- 
logy of arts and mannfaciturcs, for pc'rsons actually 
employed in factories and workshops, who desired to 
extend and improve their knowledge of the theory 
and practice of their ])articular avocations ; ^ and a 
considerable subsidy, in aid of the efforts of th(‘ 
Society, was liberally granted by the Clothwork('rs 
Company. We have here the hojadul commencement ol' 
a rational organisation for th(i promotion of exc(ill(Mic(’. 
among haiidicTaftsmcJi. (Juite recently, other of the 
livery companies ha-vc determined upon giving their 
powerful, and, indeed, almost boundless, aid to the 
improvenient of the teaching of handicrafts. They 
have already gone so far as to ap])oint a committee to 
act for them ; and 1 betray no confidence in adding 
that, some time since, the committee sought the ad- 
vice and assistance of several persons, myself among 
the niiml)er. 

Of course I cannot tell you what may be the result 
of the deliberations of the committee ; but we may all 
fairly hope that, before; long, steps which will have a 
weighty and a lasting influence on the growth and 

^ See the “ PrognuniiKi” for 1878, issued hy the Society of Arts, 
p. 14. 
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Spread of sound and tliorough tca(*liing among the 
liandici'jiftsmcn ^ of this country will he taken hy the 
livery companies of London. 

[This hope has been fully justified by the establishment of 
the Cowper Sti-eet Schools, and that of the (Central Institution of 
the City and Guilds of London Institute. September 1881.] 


^ It is porliaps advisable to veinark that the impoi’tant fpiestioii of 
llic ])rofessional (Mluealloii of niaiiagcrs of industrial woiks is not 
touched in the for(‘goiii<^^ remarks. 
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IV. 

ON ELEMENTARY INSTRUCTION IN 
PHYSIOLOGY. 

The rliiof rrrouiid upon wliicli [ venture to roeommond 
tliat the teaching of elementniy physiology slioiild form 
{in essentiiil part of {iny organised eonrse of instruc- 
tion in nmtters jierhiinijig to doineslic economy, is, 
tliat a knowledge of even the elements of this subject 
suj)])lies those conceptions of tlui constitution and 
mode of action of tln^ living body, {ind of the natuiv 
of health and disease, wliich jirejwire the mind to 
receive instruction from sanitary science. 

It is, I think, eminently desirable Unit the hygien- 
ist and the physician should find something in tlici 
public mind to which they c{in aj)peal; some little 
stock of univ(‘rsally {icLnowledged truths, which may 
serve as a foundation for tlieir warnings, and pre- 
dispose towards an intelligent obedience to their 
recommendations. 

Listening to oriliinary talk about lui.alth, diseases 
and death, one is often led to entertain a doubt whether 
the speakers believe that the course of natunil causa- 
tion runs as smoothly in the human body as elsewhere. 
Indications are too often obvious of a strong, though 
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perhaps an uiiavowed and half unconscious, under- 
current of opinion that the phenonieiia of life are not 
only widely different, in their superlicial characters and 
in their practical importance, from other natural events, 
lint that they do not follow in that definite order 
which clniractmises the succession of all other occur- 
rences, and tlie statement of which we call a law of 
nature. 

Hence, 1 think, arises the want of heartiness of 
iKiliiif in the value of knowledi^e n'spccting the laws 
of health and disease, and of the foresight and care to 
whic'h knowledge is the essential preliminary, which 
is so often noticeable ; and a corresponding laxity and 
carelessness in practice, the results of which are too 
fre(|ucntly lamentalik'. 

It is said that among the many religious sects of 
Itussia, there is one which holds that all disease is 
brought aliout by the direct and special interference 
of the Deiiy, and wliiidi, therefore, looks with repug- 
nance u})on both preventive and curative nuaisures as 
alike blasphemous interferences with the will of God. 
Among ourselves, the ‘‘Peculiar People’^ are, I believe, 

I he only persons who hold the like doctrine in its 
integi’ity, and carry it out with logical I’igour. Put 
many of us are old enough to recollect that the 
administration of chloroform in assuagement of the 
pangs of childbirth was, at its introduction, strenuously 
resisted upon similar grounds. 

1 am not sure that tlie feeling, of which the doctrine 
to whi(di I have refeixed is the full expression, does 
not lie at the bottom of the minds of a gi*eat many 
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people wlio yet would vigorously object to give u 
verbal assent to the doctrine itself. However tliis 
may be, tlie main point is tliat sufficient knowledge 
lias now been acquired of vital plienomena, to justify 
the assertion, that the notion, that there is any tiling 
exceptional about these phenomena, receives not a 
particle of support from any known fact. On thr 
contrary, there is a vast and an increasing mass of 
evid(Micc that l)irlh and death, liealtli and disease, ari'. 
as miK'h parts of the ordinary st regain of events as tlui 
I’ising and setting of tlie sun, or tlie changes of the 
moon; and lliat tlie living body is a mechanism, the 
propeu* working of which we term health ; its disturb^ 
ance, disease ; its stoppage, di'atli. The activity of 
this mechanism is dependent upon many and conqili- 
cated conditions, some of which arc liopehvssly lieyond 
our control, while others lire readily accessilile, and 
ai*e capable of being indefinitely modified by our own 
actions. The business of the hygienist and of tin*, 
physician is to know the range of these modifiable 
conditions, and how to infiuence them towards the 
maintenance of health and the prolongation of life; 
the business of the general public is to give an intelli- 
giait assent, and a ready obedience based upon that 
assent, to the rules laid down for their guidance by 
such experts. ]>ut an intelligent assent is an assent 
based upon knowledge, and the knowledge which is 
here in question means an acquaintance with the 
elements of physiology. 

It is not difficult to acquire such knowledge. 
What is true, to a certain extent, of all the physical 
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sciencos, is eminently characteristic of physiology — 
the difficulty of the subject begins beyond the stage 
of elementary knowledge, and increases with every 
stage of progress. While the most highly trained and 
the best furnished intellect may find all its resources 
insufficient, when it strives to reach the heights and 
penetrate into the depths of the problems of physiology, 
the elementary and fundamental truths can l)c made 
clear to a child. 

No one can have any difficulty in comprehending 
the mechanism of (arculation or respiration; or the 
general mode of operation of the organ of vision; 
though tlie unravelling of all the minutice of these 
])rocesses, may, for the present, baffle the conjoined 
attacks of the most accomi)lished physicists, chemists^ 
and mathematicians. To know the anatomy of the 
liuman body, with even an approximation to thorough- 
ness, is tlie work of a life ; but as much as is needed 
for a sound comprehension of elementary physiological 
truths, may be hairiicd in a week. 

A knowledge of the elements of physiology is not 
oidy easy of acquirement, but it may be made a real 
and practical acquaintance with the facts, as far iis it 
goes. The subject of study is always at hand, in 
oneself. The principal constituents of the skeleton, 
and the changes of form of contracting muscles, may 
be felt through one’s own skin. The beating of one’s 
heart, and its connection with the pulse, may be noted; 
the influence of the valves of one’s own veins may be 
shown; the movements of respiration may be observed; 
while the wonderful phenomena of sensation afford an 
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endless field for curious and interesting self-study. 
The prick of a needle will yield, in a drop of ones 
own blood, material for microscopic observation of 
phenomena which lie at the foundation of all biological 
conceptions ; and a cold, with its concomitant cough- 
ing and sneezing, may prove the sweet uses of adversity 
by helj)ing one to a clear conception of what is meant 
])y “ reflex action.” 

Of course there is a limit to this physiological 
self-examination. But there is so close a solidarity 
between ourselves and our poor i\dations of tlie animal 
w^orld, that our inaccessible inward parts may be 
supplemented by tlieirs. A comparative anatomist 
knows that a sheep s heart and lungs, or eye, must not 
be confounded with those of a man ; but, so far as the 
comprehension of the elementary facts of the physi- 
ology of circulation, of respiration, and of vision goes, 
the one furnishes the needful anatomical data as well 
as the other. 

Thus, it is (juite possible to give instruction in 
ehiineiitary physiology in such a manner as, not only 
to confer knowledge, ndiich, for the reason I have 
mentioned, is useful in itself ; but to serve the purposi‘S 
of a training in accurate observation, and in the 
methods of reasoning of pliysical science. But that 
is an advantage which I mention only incidentally, as 
the present Conference does not deal with education 
in the ordinary sense of the word. 

It will not be suspected that 1 wish to nnikc 
j)hysiologists of all the world. It would be as reason- 
able to accuse an advocate of the three R s ” of a 
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desire to make an orator, an author, and a mathe- 
iiiatician of everybody. A stumbling reader, a pot- 
liook writer, and an arithmetician who has not got 
beyond tlie rule of tJiree, is not a person of brilliant 
aeijuirements ; but the diflcrencc between such a 
member of society and one who can neither read, 
write, nor cijdier is almost inexpressible ; and no one 
iiow-a-days doubts the value of instruction, even if it 
goes no farther. 

The saying that a little knowledge is a dangerous 
tiling is, to my mind, a very dangerous adage. If 
knowledge is real and genuine, I do not believe that 
it is otlier tlian a very valuable possession, however 
infinitesimal its quantity may be. Indeed, if a little 
knowh'dge is dangerous, where is the man who has so 
imicli as to be out of dangm* ? 

If AVilliam Harvey s life-long labours had revealed 
to him a. tenth part of that which may be made 
sound and real knowledge to our boys and girls, he 
would not only have been what ho Avas, the greatest 
physiologist of his age, but ho Avould have loomed 
upon llio seventeenth century as a sort of intclleijtua] 
portent. Our ''little knowledge” Avould have been 
to him a great, astounding, unlooked-for vision of 
scientific truth. 

I really see no harm Avhich can come of giving our 
children a little knowledge of physiology. But then, 
as I have said, the instruction must be real, based 
upon observation, eked out by good explanatory 
diagrams and models, and conveyed by a teacher 
whose own knowledge has been acquired by a study 
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of the facts ; and not the mere catechismal parrot- 
work whicli too often usurps the place of elementary 
teachiiifi. 

It is, I hope, unnecessary for me to give a fomal 
contradiction to the silly fiction, whicli is assiduously 
circulated hy fanatics who not only ouglit to know, 
but do know, that their assertions are untrue, that 1 
have advocated the introduction of that expcrimciital 
discipline which is absolutely indispcnsalile to tlie pro- 
fessed physiologist, into elementary teaching. 

l>ut while I should object to any experimentation 
which can justly be called painful, for the purpose of 
elementary instruction ; and, while, .as a member of a 
late Eoyal Commission, I gladly did my best to prevent 
the infliction of needless pain, for any purpioso ; I think 
it is my duty to take this opportunity of expressing 
my regret at a condition of the law which permits a. 
boy (o troll for pike, or s(d. lines with live frog bail, 
for idle amusement ; and, at the same time, lays the 
teacher of that boy open to the penalty of fine and 
imprisonment, if he uses the same animal for the. 
purpose of exhibiting one of the most beautiful and 
instructive of physiological .spectacles, the circulation 
in the web of the foot. No one could undertake to 
affirm that a frog is not inconvenienced by being 
wr.a])i)cd up in a wot rag, and having his toes tied out; 
and it cannot be denied that inconvenience is a sort 
of pain. But you must not inflict the least pain on a. 
vertebrated animal for scientific purposes (though you 
may do a good deal in that way for gain or for sport) 
without due licence of the Secretary of Sbatc for the 
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Ifonie Department, granted under the authority of the 
Vivisection Act. 

So it (u)mes aljout, tliat, in this j)rescnt year of 
orace 1877, two persons may be cliarged with cruelty 
to animals. One has impaled a frog, and suffered the 
cL'eature to writhe about in tliat condition for hours; 

otlier has pained the animal no more than one of 
us would be pained by tying strings round his fingers, 
iiiid keeping him in the position of a hydropathic 
patient. Tlie first offender says, “ I did it because 1 
find fishing very amusing,’^ and the magistrate bids 
liim depart in peace ; nay, probably wishes him good 
sport. The second pleads, “I wanted to impress a 
scientific truth, with a distinctness attainable in no 
other way, on the minds of my scholars,'’ and the 
magistrate fines him five pounds. 

I cannot but think that this is an anomalous and 
not wholly credit able state of things. 
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V. 

JOSEPH PRIESTLEY. 

If the man to perpetuate wlmse memory we have tliis 
clay raised a statue had l)ecii asked on what part of 
his busy life's work he set the highest value, he would 
undoubtedly have pointed to his voluminous contri- 
butions to theology. In season and out of season, lie 
was the steadfast champion of that hypothesis I’ospect- 
ing the Divine nature whhdi is termed IJnitarianisiu 
by its friends and Socinianism by its foes. Po^gaid- 
less of odds, he was ready to do battle with all comers 
in that cause ; and if no adversaries entered the lists, 
he would sally forth to seek tlumi. 

To this, his highest ideal of duty, Joseph Priestley 
sacrificed the vulgar prizes of life, which, assuredly, 
were within easy reach of a man of his singular 
energy and varied abilities. For this olijcct, he put 
aside, as of secondary importance, those scientific in- 
vestigations which he loved so well, and in which h('- 
showed himself so competent to enlarge the boundaries 
of natural knowledge and to win fame. In this cause, 
he not only cheerfully suffei-ed o))lof[iiy from tlu' 
bigoted and the unthinking, and came within sight of 
martyrdom ; but bore with that whiidi is much liardei’ 
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to 1)0 borne than all these, the unfeigned astonishment 
mid hardly disguised contempt of a brilliant society, 
('oiuposed of men whose sympathy and esteem must 
liave been most dear to him, and to whom it was simply 
incomprehensible that a pliilosopher should seriously 
occupy himself with any form of Christianity. 

It appears to me that the man who, setting before 
liimsclf such an ideal of life, acted up to it con- 
sistently, is worthy of the deepest respect, whatever 
opinion may be entertained as to the real value of 
tlie tenets which he so zealously propagated and 
defended. 

Cut I am sure that T speak not only for myself, 
but for all this assemblage, when I say that our pur- 
pose to-day is to do honour, not to Priestley, the Uni- 
tarian divine, but to Priestley, the fearless defender of 
rational freedom in tliought and in action : to Priestley, 
the philosophic thinker; to that Priestley who held a 
foremost place among “ the swift runners who hand 
over the lamp of lif(‘,” ^ and transmit from one genera- 
tion to another the fire kindled, in the childhood of 
tlie world, at the Promethean altar of Science. 

The main incidents of Priestley’s life are so well 
known that I need dwell upon them at no great 
length. 

Born in 1733, at Fieldhead, near Leeds, and 
brought up among Calvinists of the straitest ortlio 
<h)\y, the boy^s striking natural ability kd to his 

^ “ Quasi ciirsuivs, vitm laiupiula tnuluut.” — l^ccii. Jk Renm 

ii. 78. 
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being devoted to the profession of a minister of re- 
ligion ; and, in 1752, lie was sent to the Dissenting 
Academy at Daventry — an institution which authority 
left undisturbed, though its existence contravened tlie 
law. The teachers under whose instruction and in- 
llucnce tlie young man came at Daventry, carried out 
to the letter the injunction to try all things : hold 
fast that which is good,^' and encouraged the discus- 
sion of every imaginable proiiosition witli complete 
freedom, the leading professors taking opposite sid(\s ; 
a discipline wliich, admirable as it may be from a 
purely scientific point of view, would seem to l)e 
calculated to make acute, ratlier than sound, divines. 
Priestley tells us, in his “ Autobiography,’' that he 
generally found himself on the unorthodox side : and, 
as he grew ohhu’, a,nd his faculties atlained their 
maturity, this nativ^e tendency towards heterodoxy 
grew with liis growth and strengthened with liis 
strengtli. He passed from Calvinism to Arianism ; 
and finally, in middle life, landed in that very 
broad form of Unitarianism, by which his craving 
after a credible and consistent theory of things was 
satisfied. 

On leaving Daventry, Priestley became minister of 
a congregation, first at Needham Market, and secondly 
at Nantwich ; but whether on account of his hetero- 
dox opinions, or of the stuttering which impeded his 
expression of them in the pulpit, little success attended 
his efforts in this capacity. In 1761, a career much 
more suited to his abilities became open to him. He 
was appointed tutor in the languages” in the Dis- 
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scnting Academy at Warrington, in which capacity, 
besides giving three courses of lectures, he taught 
Latin, Greek, French, and Italian, and read lectures 
on the Theory of Language and Universal Grammar, 
on Oratory, Philosophical Criticism, and Civil law. 
And it is interesting to observe that, as a teacher, 
he encouraged and cherished in those whom he in- 
structed, the freedom which he had enjoyed, in his 
own student days, at Daventry. One of his pupils tells 
ns that, 

“ At the conclusion of his lecture, he always encouraged his 
students to express their sentiments relative to the subject of it, 
and to urge any objections to what lie had delivered, without 
r(‘S(Tve. It jiloased him when any one commenced such a con- 
versation. In order to excite the freest discussion, he occasion- 
ally invited the students to drink tea with him, in order to 
canvass the subjects of his lectures. I do not recollect that he 
ever showed the least displeasure at the strongest objections 
tliat were made to what he delivered, but I distinctly remember 
the smile of approbation with which he usually received them : 
nor did he fail to point out, in a very encouraging manner, the 
ingenuity or force of any remarks that were made, when they 
merited these characters, flis object, as well as Dr. Aikiu’s, was 
to engage the students to examine and decide for themselves, 
uninfluenced by the sentiments of any other persons.” ^ 

It would be diflicult to give a better description of a 
model teacher than that conveyed in these words. 

From his earliest days, Priestley had shown a 
strong bent towards the study of nature ; and his 
brother Timothy tells us that the boy put spiders 
into bottles, to see how long they would live in the 
same air — a curious anticipation of the investigations 

^ “ Life and Correspondence of Dr. Priestley,” hv J. T. Riitt. Vol. 
i. p. 50. 

U 
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of his later years. At Nantwich, where he set up a 
school, Priestley informs us that he bought an air 
pump, an electrical machine, and other instruments, 
in the use of which he instructed his scholars. But 
he docs not seem to have devoted himself seriously to 
physical science until 176G, when he had the great 
good fortune to meet Benjamin Franklin, whose 
friendship he ever afterwards enjoyed. Encouraged 
by Franklin, he wrote a “ History of Electricity,” 
which was published in 1767, and appears to have 
met with considerable success. 

In tlic same year, Priestley left Warrington to 
become the minister of a congregation at Leeds ; 
and, here, happening to live next door to a public 
brewery, as he says, 

“ I, at first, amused myself with making experiments on the 
fixed air which I found ready-made in the process of fermenta- 
tion. When I removed from tliat house I was under the necessity 
of making fixed air for myself; and one experiment leading to 
anotlier, as I have distinctly and faithfully noted in my various 
publications on the subject, I by degrees contrived a convenient 
apparatus for the purpose, but of the cheapest kind. 

“ When I began these experiments I knew very little of 
chemistry, and had, in a manner, no idea on the subject before I 
attended a course of chemical lectures, delivered in the Academy 
at Warrington, by Dr. Turner of Liverpool. But I have often 
thought that, upon the whole, this circumstance was no dis- 
advantage to me ; as, in this situation, I was led to devise an 
apparatus and processes of my own, adapted to my peculiar 
views ; whereas, if I had been previously accustomed to the 
usual chemical processes, I should not have so easily thought of 
any other, and without new modes of operation, I should hardly 
have discovered anything materially new.” ^ 


^ “Autobiography,” §§ 100, 101. 
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The first outcome of Priestley^s chemical work, 
published in 1772, was of a very practical character. 
He discovered the way of impregnating water with an 
excess of “ fixed air,” or carbonic acid, and thereby 
producing what we now know as “soda water” — a 
service to naturally, and still more to artificially, 
thirsty souls, which those Avhose parched throats and 
hot heads are cooled by morning draughts of that 
beverage, cannot too gratefully acknowledge. In the 
same year, Priestley communicated the extensive 
series of observations which his industry and ingenuity 
had accumulated, in the course of four years, to the 
Royal Society, under the title of “ Observations on 
Different Kinds of Air” — a memoir which was justly 
regarded of so much merit and importance, that the 
Society at once conferred upon the author the highest 
distinction in their power, by awarding him the Copley 
Medal. 

In 1771 a proposal was made to Priestley to ac- 
company Captain Cook in his second voyage to the 
South Seas. He accepted it, and his congregation 
agreed to pay an assistant to supply his place during 
his absence. But the appointment lay in the hands 
of the Board of Longitude, of which certain clergymen 
were members ; and whether these worthy ecclesiastics 
feared that Pricstley^s presence among the ship^s com- 
pany might expose his Majesty's Sloop Resolution to 
the fate which aforetime befell a certain ship that 
went from Joppa to Tarshish ; or whether they were 
alarmed lest a Socinian should undermine that piety 
which, in the days of Commodore Trunnion, so 
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strikingly characterised sailors, does not appear ; but, 
at any rate, they objected to Priestley ‘‘ on account of 
his religious principles,'' and appointed the two 
Forsters, whose “religious principles," if they had 
been known to these well-meaning but not far-sighted 
persons, would probably have surprised them. 

In 1772 another proposal was made to Priestley. 
Lord Shelburne, desiring a “ literary companion," had 
been brought into communication with Priestley by 
the good offices of a friend of both. Dr. Price ; and 
offered him the nominal post of librarian, with a good 
house and appointments, and an annuity in case of 
the termination of the engagement. Priestley ac- 
cepted the offer, and remained with Lord Shelburne 
for seven years, sometimes residing at Caine, sometimes 
travelling abroad with the Earl. 

Why the connection terminated has never been 
exactly known ; but it is certain that Lord Shelburne 
behaved with the utmost consideration and kindness 
towards Priestley ; that he fulfilled his engagements 
to the letter ; and that, at a later period, he expressed 
a desire that Priestley should return to his old 
footing in his house. Probably enough, the politician, 
aspiring to the highest offices in the state, may have 
found the position of the protector of a man who was 
being denounced all over the country as an infidel 
and an atheist somewhat embarrassing. In fact, a 
passage in Priestley's “Autobiography" on the oc- 
casion of the publication of his “ Disquisitions relating 
to Matter and Spirit," which took place in 1777, indi- 
cates pretty clearly the state of the case : — 
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“ (126) It being probable that this publication would be un- 
popular, and might be the means of bringing odium on my 
patron, several attempts were made by his friends, though none 
l)y himself, to dissuade me from persisting in it. But being, as 
I thought, engaged in tlie cause of important truth, I proceeded 
without regard to any consequences, assuring them that this 
publication should not be injurious to his lordship.” 

It is not unreasonable to suppose that his lordship, 
as a keen, practical man of the world, did not derive 
much satisfaction from tins assurance. The “ evident 
marks of dissatisfaction ” which Priestley says he first 
perceived in his patron in 1778, may well have arisen 
from the peer’s not unnatural uneasiness as to what 
his domesticated, but not tamed, philosopher might 
write next, and what storm might thereby be brouglit 
down on his own head ; and it speaks very highly for 
Lord Shelburne’s delicacy that, in the midst of such 
perplexities, he made not tlie least attempt to interfere 
with Priestley’s freedom of action. In 1780, however, 
he intimated to Dr. Price that he should be glad to 
establish Priestley on his Irish estates : the suggestion 
was interpreted, as Lord Shelburne probably intended 
it should be, and Priestley left him, the annuity of 
£150 a year, which had been promised in view of such 
a contingency, being punctually paid. 

After leaving Caine, Priestley spent some little 
time in London, and then, having settled in Birming- 
ham at the desire of his brother-in-law, he was soon 
invited to become the minister of a large congregation. 
This settlement Priestley considered, at the time, to 
be “the happiest event of his life.” And well he 
might think so ; for it gave him com])etcnce and 
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leisure ; placed him within reach of the best makers of 
apparatus of the day; made him a member of that 
remarkable Lunar Society,” at whose meetings he 
could exchange thoughts with such men as Watt, 
Wedge wood, Darwin, and Boulton ; and threw open 
to him the pleasant house of the Galtons of Barr, 
where these men, and others of less note, formed a 
society of exceptional charm and intelligence.^ 

But these halcyon days were ended by a bitter 
storm. The French Eevolution broke out. An 
electric shock ran through the nations ; whatever 
there was of corrupt and retrograde, and, at the same 
time, a great deal of what there was of best and 
noblest, in European society shuddered at the out- 
burst of long-pent -up social fires. Men's feelings 
were excited in a way that we, in this generation, can 
hardly comprehend. Party wrath and virulence were 
expressed in a manner unparalleled, and it is to be 

^ Ses Tlie Life of Mary Anne Schimmelpenninck.” Mrs. 
Schimmelpenninck (n^e Galton) remembered Priestley very well, and 
her description of him is worth quotation : — “ A man of admirable 
simplicity, gentleness and kindness of heart, united with great acute- 
ness of intellect. I can never forget the impression produced on me 
by the serene expression of his countenance. He, indeed, seemed 
present with God by recollection, and with man by cheerfulness. I 
remember that, in the assembly of these distinguished men, amongst 
whom Mr. Boulton, by his noble manner, his fine countenance (which 
much resembled that of Louis XIV.), and princely munificence, stood 
pre-eminently as the great Mecjcnas ; even as a child, I used to feel, 
when Dr. Priestley entered after him, that the glory of the one was 
teiresti'ial, that of the other celestial ; and utterly far as I am re- 
moved from a belief in the sufSciency of Dr. Priestley’s theological 
creed, I cannot but here record this evidence of the eternal power 
of any portion of the truth held in its vitality.’* 
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hoped impossible, in our times ; and Priestley and his 
friends were held up to public scorn, even in Parlia- 
ment, as fomenters of sedition. A “ Church -and- 
King ” cry was raised against the Liberal Dissenters ; 
and, in Birmingham, it was intensified and specially 
directed towards Priestley by a local controversy, in 
which he had engaged with his usual vigour. In 
1791, the celebration of the second anniversary of the 
taking of the Bastille by a public dinner, with which 
Priestley had nothing whatever to do, gave the signal 
to the loyal and pious mob, who, unchecked, and 
indeed to some extent encouraged, by those who 
were responsible for order, had the town at their 
mercy for three days. The chapels and houses of the 
leading Dissenters were wrecked, and Priestley and his 
foinily had to fly for their lives, leaving library, appa- 
ratus, papers, and all their possessions, a prey to the 
flames. 

Priestley never returned to Birmingham. He bore 
the outrages and losses inflicted upon him with ex- 
treme patience and sweetness,^ and betook himself to 
London. But even his scientific colleagues gave him 
a cold shoulder ; and though he \vas elected minister 
of a congregation at Hackney, he felt his position to 
be insecure, and finally determined on emigrating to 
the United States. He landed in America in 1794 ; 
lived quietly with his sons at Northumberland, in 

^ Even Mrs. Priestley, who might be forgiven for reganling the 
destroyers of her honsehold gods with some asperity, contents herself, in 
writing to Mrs. Barbauld, with the sarcasm that the Biriuingham people 
“ will scarcely find so many respectable characters, a second time, to 
make a bonfire of.” 
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Pennsylvania, where his posterity still flourisli ; and, 
clear-headed and busy to the last, died on the 6th of 
February 1804. 

Such were the conditions under which Joseph 
Priestley did the work which lay before him, and 
then, as the Norse Sagas say, went out of the story. 
The work itself was of the most varied kind. No 
human interest was without its attraction for Priest- 
ley, and few men have ever had so many irons in the 
fire at once; but, though he may have burned his 
fingers a little, very few who have tried that opera- 
tion have burned their fingers so little. He made 
admirable discoveries in science ; his pliilosophical 
treatises are still well worth reading ; his political 
works are full of insight and replete with the spirit of 
freedom ; and while all these sparks flew off from his 
anvil, the controversial hammer rained a hail of blows 
on orthodox priest and bishop. While tlius engaged, 
the kindly, cheerful doctor felt no more wratli or 
uncharitablcness towards his opponents than a smitli 
does towards his iron. But if the iron could only 
speak ! — and the priests and bishops took the point 
of view of the iron. 

No doubt what Priestley's friends repeatedly urged 
upon him — that he would have escaped the heavier 
trials of his life and done more for the advancement 
of knowledge, if he had confined liimself to his 
scientific pursuits and let his fellow-men go their way 
— was true. But it seems to have been Priestley’s 
feeling that he was a man and a citizen before he was 
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a philosopher, and that the duties of the two former 
positions are at least as imperative as those of the 
latter. Moreover, there are men (and I think Priest- 
ley was one of them) to whom the satisfaction of 
throwing down a triumphant fallacy is as great as 
that which attends the discovery of a new truth ; who 
feel better satisfied with the government of the world, 
when they have been helping Providence by knocking 
an imposture on the head ; and who care even more 
for freedom of thought than for mere advance of 
knowledge. These men are the Carnots who organise 
victory for truth, and they are, at least, as important 
as the generals who visibly fight her battles in the 
field. 

Priestley^s reputation as a man of science rests 
upon his numerous and important contributions to 
the chemistry of gaseous bodies ; and to form a just 
estimate of the value of his work — of the extent to 
which it advanced the knowledge of fact and the 
development of sound theoretical views — we must 
reflect what chemistry was in the first half of the 
eighteenth century. 

The vast science which now passes under that 
name had no existence. Air, water, and fire were 
still counted among the elemental bodies ; and though 
Van Helmont, a century before, had distinguished 
different kinds of air as gas ventosum and gas syh 
vestre, and Boyle and Hales had experimentally 
defined the physical properties of air, and discri- 
minated some of the various kinds of aeriform bodies, 
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no one suspected the existence of the numerous 
totally distinct gaseous elements which are now 
known, or dreamed that the air we breathe and the 
water we drink are compounds of gaseous elements. 

But, in 1754, a young Scotch physician, Dr. 
Black, made the first clearing in this tangled back- 
wood of knowledge. And it gives one a wonderful 
impression of the juvenility of scientific chemistry to 
think that Lord Brougham, whom so many of us 
recollect, attended Blades lectures when he was a 
student in Edinburgh, Black's researches gave the 
world the novel and startling conception of a gas that 
was a permanently elastic fluids like air, but that 
difiered from common air in being much heavier, very 
poisonous, and in having the properties of an acid, 
capable of neutralising the strongest alkalies ; and it 
took the world some time to become accustomed to 
the notion. 

A dozen years later, one of the most sagacious 
and accurate investigators who has adorned this, or 
any other, country, Henry Cavendish, published a 
memoir in the “ Philosophical Transactions," in which 
he deals not only with the “ fixed air " (now called 
carbonic acid or carbonic anhydride) of Black, but 
with ‘'inflammable air," or what we now term 
hydrogen. 

By the rigorous application of weight and measure 
to all his processes, Cavendish implied the belief sub- 
sequently formulated by Lavoisier, that, in chemical 
processes, matter is neither created nor destroyed, and 
indicated the path along which all future explorers 
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must travel. Nor did he himself halt until this path 
led him, in 1784, to the brilliant and fundamental 
discovery that water is composed of two gases united 
in fixed and constant proportions. 

It is a trying ordeal for any man to be compared 
with Black and Cavendish, and Priestley cannot be 
said to stand on their level. Nevertheless, his achieve- 
ments are not only great in themselves, but truly 
wonderful, if we consider the disadvantages under 
which he laboured. Without the careful scientific 
training of Black, without the leisure and appliances 
secured by the wealth of Cavendish, he scaled the 
walls of science as so many Englishmen have done 
before and since his day ; and trusting to mother wit 
to supply the place of training, and to ingenuity to 
create apparatus out of washing tubs, he discovered 
more new gases than all his predecessors put together 
had done. He laid the foundations of gas analysis ; 
he discovered the complementary actions of animal 
and vegetable life upon the constituents of the atmo- 
sphere ; and, finally, he crowned his work, this day 
one hundred years ago, by the discovery of that 
“ pure dephlogisticated air ” to which the French 
chemists subsequently gave the name of oxygen. Its 
importance, as the constituent of the atmosphere which 
disappears in the processes of respiration and com- 
bustion, and is restored by green plants growing in 
sunshine, was proved somewhat later. For these 
brilliant discoveries, the Koyal Society elected Priestley 
a fellow and gave him their medal, while the Aca- 
demies of Paris and St. -Petersburg conferred their 
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membership upon him. Edinburgh had made him 
an honorary doctor of laws at an early period of his 
career ; but, I need hardly add, that a man of Priest- 
ley’s opinions received no recognition from the uni- 
versities of his own country. 

That Priestley’s contributions to the knowledge of 
chemical fact were of the greatest importance, and 
that they richly deserve all the praise that has been 
awarded to them, is uncpiestionable ; but it must, at 
the same time, be admitted that he had no compre- 
hension of the deeper significance of liis work ; and, 
so far from contributing anything to the theory of the 
facts which he discovered, or assisting in their rational 
explanation, his influence to the end of his life was 
warmly exerted in favour of error. From first to last, 
he was a stiff adherent of the phlogiston doctrine 
which was prevalent when his studies commenced; 
and, by a curious irony of fate, the man who by the 
discovery of what he called dephlogisticated air” 
furnished the essential datum for the true theory of 
combustion, of respiration, and of the composition of 
water, to the end of his days fought against the 
inevitable corollaries from his own labours. His last 
scientific work, published in 1800 , bears the title, 
“The Doctrine of Phlogiston established, and that 
of the Composition of Water refuted.” 

When Priestley commenced his studies, the current 
belief was, that atmospheric air, freed from accidental 
impurities, is a simple elementary substance, inde- 
structible and unalterable, as water was supposed to 
be. When a combustible burned, or when an animal 
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breathed in air, it was supposed that a substance, 
‘"phlogiston,” the matter of heat and light, passed 
from the burning or breathing body into it, and 
destroyed its powers of supporting life and combus- 
tion. Thus, air contained in a vessel in which a 
lighted candle had gone out, or a living animal had 
breathed until it could breathe no longer, was called 
“jdilogisticated.” The same result was supposed to 
be brought about by the addition of what Priestley 
called “ nitrous gas ” to common air. 

In the course of his researches, Priestley found 
that the quantity of common air which can thus 
become “ phlogisticatcd,” amounts to about one-fifth 
the volume of the whole quantity submitted to experi- 
ment. Hence it appeared that common air consists, 
to the extent of four-fifths of its volume, of air which 
is already “phlogisticatcd;” while the other fifth is 
free from phlogiston, or “ dephlogisticated.” On the 
other hand, Priestley found that air “ phlogisticatcd ” 
by combustion or respiration could be “ dephlogis- 
ticated,” or have the properties of pure common air 
restored to it, by the action of green plants in sun- 
shine. The question, therefore, would naturally arise 
—as common air can be wholly phlogisticatcd by 
comlnistion, and converted into a substance which 
will no longer support combustion, is it possible to 
get air that shall be less phlogisticatcd than common 
air, and consequently support combustion better than 
common air does ? 

Now, Priestley says that, in 1774, the possibility 
of obtaining air less phlogisticated than common air 
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had not occurred to him.^ But in pursuing his 
experiments’ on the evolution of air from various 
bodies by means of heat, it happened that^ on the 1st 
of August 17^4, he threw the heat of the sun, by means 
of a large burning glass which he had recently ob- 
tained, upon a substance which was then called 
merciinus calcinatiis per se, and which is commonly 
known as red precipitate. 

I presently found that, by means of this lens, air was 
expelled from it very readily. Having got about three or four 
times as much as the bulk of my materials, I admitted water to 
it, and found that it was not imbibed by it. But what surprised 
me more than I can well express, was that a candle burned in 
this air with a remarkably vigorous flame, very much like that 
enlarged flame with which a candle burns in nitrous air, exposed 
to iron or lime of sulphur ; but as I had got nothing like this 
remarkable appearance from any kind of air besides this par- 
ticular modification of nitrous air, and I knew no nitrous acid 
was used in the preparation of mercurius calcinatuSy I was utterly 
at a loss how to account for it. 

“ In this case also, though I did not give sufficient attention 
to the circumstance at that time, the flame of the candle, besides 
being larger, burned with more splendour and heat than in that 
species of nitrous air ; and a piece of red-hot wood sparkled in 
it, exactly like paper dipped in a .solution of nitre, and it con- 
sumed very fast — an experiment which I had never thought of 
trying with nitrous air.”* 

Priestley obtained the same sort of air from red 
lead, but, as he says himself, he remained in ignor- 
ance of the properties of this new kind of air for 
seven months, or until March 1775, when he found 

1 “ Experiments and Observations on Different Kinds of Air,” vol. 
ii. p. 31. ^ Ihid. pp. 34, 35. 
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tliat the new air behaved with “ nitrous gas ” in the 
same way as the dephlogisticated part of common air 
(loos but that, instead of being diminished to four- 
fifths, it almost completely vanished, and, therefore, 
showed itself to be ‘‘between five and six times as 
good as the best common air I have ever met with.”^ 
As this new air tlius appeared to be completely free 
from phlogiston, Priestley called it “ dephlogisticated 
air.” 

What was the nature of this air ? Priestley found 
that the same kind of air was to be obtained by 
moistening with tlie spirit of nitre (which he terms 
nitrous acid) any kind of earth that is free from 
phlogiston, and applying heat ; and consequently he 
says: “There remained no doubt on my mind but 
that the atmospherical air, or the thing that we 
breathe, consists of the nitrous acid and earth, with 
so much phlogiston as is necessary to its elasticity, 
and likewise so much more as is required to bring it 
from its state of perfect purity to the mean condition 
ill which we find it.”^ 

Priestley’s view, in fact, is that atmospheric air is 
a kind of saltpetre, in which the potash is replaced 
by some unknown earth. And in speculating on the 
manner in which saltpetre is formed, he enunciates 
the hypothesis, “ that nitre is formed by a real 
decomposition of the ah' itself the bases that are 
presented to it having, in such circumstances, a nearer 

^ “ Experiments and Observations on Dilferent Kinds of Air,” vol, 
ii. p. 40. 2 p, 48. 3 Ibid. p. 55. 



JOSEPH PRIESTLEY. 


112 


[lK(T. 


affinity with the spirit of nitre than that kind of earth 
with which it is united in the atmosplicre.” ^ 

It would have been hard for the most ingenious 
person to have wandered farther from the trutli 
than Priestley does in this hypothesis ; and, though 
Lavoisier undoubtedly treated Priestley very ill, and 
pretended to have discovered dephlogisticated air, or 
oxygen, as he called it, independently, we can almost 
forgive him, when wc reflect how difTercnt were the 
ideas which the great French chemist attached to the 
body which Priestley discovered. 

TJicy are like two navigators of whom the first 
sees a new country, but lakes clouds for mountains 
and mirage for lowlands ; while the second detei’- 
mines its length and breadth, and lays down on a 
chart its exact place, so that, thenceforth, it serves as 
a guide to his successors, and becomes a secure out- 
post whence new explorations may be pushed. 

Nevertheless, as Priestley himself somewhere 
remarks, the first object of physical science is to 
ascertain facts, and the service which ho rendered to 
chemistry by the definite establishment of a large 
number of new and fundamentally important facts, is 
such as to entitle him to a very high place among the 
fathers of chemical science. 


It is difficult to say whether Priestley's philo-* 
sophical, political, or theological views were most 
responsible for the bitter hatred which was borne to 

1 “ Experiments and Observations on Different Kinds of Air,” vol. 
ii. p. 60. The italics are Priestley’s own. 
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liim by a large body of his countrymen/ and which 
found its expression in the malignant insinuations in 
vvliich Burke, to his everlasting shame, indulged in 
the House of Commons. 

Without containing much that will be new to 
the readers of Hobbes, Spinoza, Collins, Hume, and 
Hartley, and, indeed, while making no pretensions 
to 01‘iginality, Priestley’s Disquisitions relating to 
Matter and Spirit,” and his “Doctrine of Philoso- 
pliical Necessity illustrated,” are among the most 
])()werfiil, clear, and unflinching expositions of materi- 
alism and necessarian ism which exist in the English 
language, and are still well worth reading. 

Pri(‘stley denied the freedom of the will in the 
sense of il-s self-determination ; he denied the exist- 
ence of a soul distinct from the body ; and as a 
natural consequence, he denied the natural immor- 
tality of man. 

In relation to these matters English opinion, a 
century ago, was very much what it is now. 

A man may be a necessarian without incurring 


1 “ 111 all the iu;w^pai)erH ami most of the poriodkal piihlications I 
was Tcpresenio.d as an luihcliever in Revelation, ami no better than an 
atheist” — “Autobiography,” Riitt. vol. i. p. 124. “On the walls of 
houses, etc., and especially where I usually went, were to be seen, in 
large characters, ‘ Mad an for evkh ; Damn Priestley ; no Presby- 
terianism ; Damn the Presbyterians,' etc. etc.; and, at one time, 1 
was followed by a number of boys, who left their play, repeating what 
they had seen on the Avails, and sliouting out, ‘ Damn Prustky ; damn 
damn Mm, for ever^ for ever^ etc. <*lc. This Avas no doubt a lesson 
which they had been taught by their parents, and Avhat tln^y, I fear, 
had learned from their superiors.”— “ Appeal to the Public on the 
►Subject of the Riots at Birmingliam.” 


I 
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graver reproach than that implied in being called a 
gloomy fanatic, neccssarianism, though very shocking, 
having a note of Calvinistic orthodoxy ; but, if a man 
is a materialist ; or, if good authorities say he is and 
must be so, in spite of his assertion to the contrary ; 
or, if he acknowledge himself unable to see good 
reasons for believing in the natural immortality of 
man, respectable folks look upon him as an unsafe 
neighbour of a cash-box, as an actual or potential 
sensualist, the more virtuous in outward seeming, the 
more certainly loaded with secret ‘‘grave personal 
sins.” 

Nevertheless, it is as certain as anything can be, 
that Joseph Priestley was no gloomy fanatic, but 
as cheerful and kindly a soul as ever breathed, tlie 
idol of children ; a man who was hated only l.)y those 
who did not know him, and wlio charmcxl away tluj 
bitterest prejudices in personal intercourse; a man 
who never lost a friend, and the best testimony to 
whose worth is the generous and tender warmth with 
which his many friends vied with one another in 
rendering him substantial liclp, in all the crises of his 
career. 

The unspotted purity of Priestley’s life, the strict- 
ness of his performance of every duty, his transparent 
sincerity, the unostentatious and deep-seated piety 
which breathes through all his correspondence, arc 
in themselves a sufficient refutation of the h3^pothcsiH, 
invented by Ingots to cover uncharitablencss, that 
such opinions as his must arise from moral defects. 
And liis statue will do as good service as the brazeji 
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image that was set upon a pole before the Israelites, 
if tliosc who have been bitten by the fiery serpents of 
sectarian liatred, which still haunt this wilderness of 
a world, are made whole by looking upon the image 
of a heretic, who was yet a saint. 

Though Priestley did not believe in the natural 
immortality of man, he held with an almost naive 
realism, that man would be raised from the dead by 
a direct exertion of the power of God, and thence- 
forward 1)6 immortal. And it may be as well for 
tliosc who may be shocked by this doctrine to know 
that views, substantially identical with Priestley's, 
have been advocated, since his time, by two prelates 
of the Anglican Church: by Dr. Whately, Archbishop 
of Dublin, in his well-known ‘'Essays;"^ and by Dr. 
Courtenay, Bishop of Kingston in Jamaica, the first 
edition of whose remarkable book ‘‘On the Future 
States,” dedicated to Archbishop Whately, was pub- 
lished in 1843 and the second in 1857. According 
to Bishop Courtenay, 

“The death of the body will cause a cessation of all the 
activity of the mind by way of natural consequence ; to continue 
for ever unless the Creator should interfere.” 

And again : — 

“The natural end of human existence is the ‘first death,’ 
the dreamless slumber of the grave, wherein man lies spell- 
bound, soul and body, under the dominion of sin and death— 
that whatever modes of conscious existence, whatever future 
states of ‘life’ or of ‘torment’ beyond Hades are reserved for 


^ First Series. “On Some of Ihc Peculiarities of the Christian 
lleligion.” Essay I. Uevelation of a Future State. 
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man, are results of our blessed Lord’s victory over sin and death; 
that the resurrection of the dead must be preliminary to their 
entrance into either of the future states, and that the nature and 
even existence of these states and even the mere fact that there 
is a futurity of consciousness, can be known only through God's 
revelation of Himself in the Person and the Gospel of His 
Son.”— P. 389. 

And now hear Priestley : — 

“Man, according to this system (of materialism), is no more 
than we now see of him. His being commences at the time of 
Ids conception, or perhaps at an earlier period. The corporeal 
and mental faculties, in being in the same substance, grow, 
ripen, and decay together; and whenever the system is dis- 
solved it continues in a state of dissolution till it shall please 
that Almighty Being who called it into existence to restore it to 
life again.” — “JMatter and Spirit,” p. 19. 

And again : — 

“The doctrine of the Scripture is, that God made man of 
the dust of the ground, and by simply animating this organised 
matter, made man that living percipient and intelligent being 
that ho is. According to Revelation, death is a state of rest and 
insensibility, and our only though sure hope of a future life is 
founded on the doctrine of the resurrection of the whole man at 
some distant period ; this a.s.surance being sufficiently confirmed 
to us both by the evident tokens of a Divine commission attend- 
ing the persons who delivered the doctrine, and especially by 
the actual resurrection of Jesus Christ, wliich is more authentic- 
ally attested than any otlier fact in history.” — Ihkl, p. 247. 

We all know that ‘‘a saint in crape is twice a 
saint in lawn but it is not yet admitted that tlic 
views which arc consistent with sucli saintliness in 
lawn, become diabolical when held by a mere dis- 
scntci’.^ 

^ Not only is Prie.stley at one with Bishop Courtenay in this 
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I am not here either to defend or to attack 
Priestley’s philosophical views, and I cannot say that 
I am personally disposed to attach much value to 
episcopal authority in philosophical questions ; but it 
seems right to call attention to the fact, that those of 
Priestley’s opinions which have brought most odium 
upon him, have been openly promulgated, without 
cliallengc, by persons occupying the highest positions 
in the State Church. 

I must confess that what interests me most about 
Priestley’s materialism, is the evidence that lie saw 
dimly the seed of destruction which such materialism 
carries within its own bosom. In the (jourse of his 
reading for his ''History of Discoveries relating to 
Vision, Light, and Colours,” he had come upon the 
s})eculations of J3oscovich and Micludl, and bad been 
led to admit the sufliciently obvious truth that our 
knowledge of matter is a knowledge of its properties ; 
and that of its substance — if it have a substance — we 
know nothino’. And this leel to the further admission 

o 

tliat, so far as we can know, there may be no differ- 
ence between the substance of matter and the sub- 
stance of spirit ("Discpiisilions,” p. 16). A step 

matter, but witli Hartley niid noimel, both of them stout cli;iui])ious 
ol‘ (Jhristiaiiity. Moreover, Archbishop AVhatoly’s essay is little better 
than an expansion of the first paragraph of Ilunie’s hinious essay on 
llic Immortality of the Soul : — “ By the mere light of reason it seems 
ditlieult to prove the immortality of the soul ; the arguments for it 
‘'ire commonly derived either from metaphysical topics, or moral, or 
physical. But it is in reality the Gospel, and the Gu^-]>el alone, that 
has brought life and immortality to lujlit'^ It is impossible to imagine 
that a man of Whately’s tastes and acquirements had not read Hume 
r>r Hartley, though he refers to neither. 
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farther would have shown Priestley that his material- 
ism was, essentially, very little different from the 
Idealism of his contemporary, the Bishop of Cloyne. 

As Priestley's philosophy is mainly a clear state- 
ment of the views of the deeper thinkers of his day, 
so are his political conceptions based upon those of 
Locke. Locke s aphorism that the end of govern- 
ment is the good of mankind," is thus expanded by 
Priestley : — 

“ It must necessarily be understood, therefore, whether it he 
expressed or not, that all people live in society for their mutual 
advantage ; so that the good and happiness of the members, 
that is, of the majority of the members, of any state, is the 
great standard by which everything relating to that state must 
finally be determined.” ^ 

The little sentence here interpolated, that is, of 
the majority of tlic members of any state," appears to 
be that passage which suggested to Bentham, accord- 
ing to his own acknowledgment, the famous greatest 
happiness" formula, which by substituting ‘‘happi- 
ness" for “good," has converted a noble into an 
ignoble principle. But I do not call to mind that 
there is any utterance in Locke quite so outspoken as 
the following passage in the “Essay on the First 
Principles of Government." After laying down as 
“a fundamental maxim in all governments," the 
proposition that “kings, senators, and nobles" are 
“the servants of the public," Priestley goes on to 
say : — 

^ Essay on the First Principles of Government.” Second edition, 
1771, p. 13. 
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‘‘ But in the largest states, if the abuses of the government 
should at any time be great and manifest ; if the servants of the 
people, forgetting their masters and their masters’ interest, 
should pursue a separate one of their own ; if, instead of con- 
sidering that they are made for the people, they should consider 
the people as made for them ; if the oppressions and violation 
of right should be great, tiagrant, and universally resented ; if 
the tyrannical governors should have no friends but a few 
sycophants, who had long preyed upon the vitals of their fellow- 
citizens, and who might b(i (ixpected to desert a government 
whenever their interests should be detached from it; if, in 
consequence of these circumstances, it should become manifest 
that the risk which would be run in attempting a revolution 
would be trifling, and the evils which might be apprehended 
from it were far less than those which were actually suffered 
and which were daily increasing ; in the name of God, I ask, 
what ])i'inciples are those which ought to restrain an injured and 
insulted people from asserting their natural rights, and from 
changing or even i)unishing their governors — that is, their ser- 
vants — who had abused their trust, or from altering the whole 
form of their government, if it appeared to be of a structure so 
liable to abuse 1 ” 

As a Dissenter, subject to tlio operation of the 
Corporation and Test Acts, and as a Unitarian, cx- 
(duded from the benefit of the Toleration Act, it is 
not surprising to find that Priestley had very diTinite 
oj)inions about Ecclesiastical Establishments ; the 
only wonder is tliat these opinions were so moderate 
as the following passages show them to liave been : — 

“Ecclesiastical authority may have been necessary in the 
infant state of society, and, for the same reason, it may perhaps 
continue to be, in some degree, necessary as long as society is 
imperfect ; and therefore may not be entirely abolished till civil 
governments have arrived at a much greater degree of perfection. 
If, therefore, I were asked whether I should approve of the 
immediate dissolution of all the ecclesiastical establishments in 
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Europe, I should answer, No. . . . Let experiment be first 
made of alterations^ or, which is the same thing, of better establish- 
ments than the present. Let them be reformed in many essential 
articles, and then not tlirown aside entirely till it be found by 
experience that no good can be made of them.” 

Priestley goes on to suggest four such reforms of a 
capital nature : — 

“ 1. Let the Articles of Faith to be siibsci'ibed by candidates 
for the ministry be greatly reduced. In the formulary of th(i 
Church of England, might not thirty-eight out of the thirty-nine 
be very well spared 1 It is a reproach to any Christian establish- 
ment if every man cannot claim tlie benefit of it who can say 
that he believes in the religion of Jesus Christ as it is set forth 
in the New Testament. You say the terms arc so general that 
even Deists would quibble and insinuate themselves. I answer 
that all the articles which are subscribed at present, by no 
means exclude Deists who will prevaricate ; and upon this 
scheme you would at least exclude fewer honest men. ” ^ 

The second reform suggested is tlie cqualisatioii, 
in proportion to work done, of tlic stipends of tlie 
clergy ; the third, the exclusion of the bishops from 
Parliament; and the fourtli, complete toleration, so 
that every man may enjoy the riglits of a citizen, ami 
be qualified to serve his country, whether he belong 
to the Established Churcli or not. 

Opinions such as those I have (juoted, respecting 
the duties and the responsil)i]itics of governors, arc 
the commonplaces of modern Liberalism ; and Priest- 
ley^s views on Ecclesiastical Estal)lis]imeiits would, 1 
fear, meet with but a cool reception, as altogetlicr too 
conservative, from a large proportion of the lineal 

1 “Utility of Estahlishmcnts,” in “Pmay on First Priiici])le3 of 
Ouvernment,” p. 198, 1771. 
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descendants of tlie ])cople wlio taught their children 
to cry “ Damn Priestley and, with that love for the 
practical application of science which is the source of 
the greatness of Birmingham, tried to set fire to the 
doctor’s house with sparks from liis own electrical 
machine; thereby giving the man they called an 
incendiary and raiser of sedition against Church and 
King, an appropriately experimental illustration of 
the nature of arson and riot. 

If 1 have succeeded in putting before you the 
main features of Priestley’s work, its value will 
become a])parent, when we compare the condition 
of the English nation, as he knew it, witli its present 
state. 

The fact that France has been for eighty-five years 
trying, without much success, to riglit herself after 
the great storm of the Revolution, is not unfrequcntly 
cited among us, as an indication of some inherent 
incapacity for self-government among the French 
people. 1 think, however, that Englishmen wlio 
argue thus, forget that, from the meeting of tlie Long 
Parliament in 1040, to the last Stuart rebellion in 
1745, is a hundred and five years, and that, in the 
middle of the last century, we had but just safely freed 
ourselves from our Bourbons and all that they repre- 
sented. The corruption of our state was as bad as 
that of the Second Empire. Bribery was the instru- 
ment of government, and peculation its reward. 
Four-fifths of the scats in the House of Commons 
were more or less openly dealt with as property. A 
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minister had to consider the state of the vote market, 
and the sovereign secured a sufficiency of ‘‘king's 
friends " by payments allotted with retail, rather than 
royal, sagacity. 

Barefaced and brutal immorality and intemperance 
pervaded the land, from the highest to the lowest 
classes of society. The Established Churcli was torpid, 
so far as it was not a scandal; but those who dis- 
sented from it came within the meshes of tlie Act of 
Uniformity, the Test Act, and tlie Corporation Act. 
By law, siicli a man a-s Priestley, being a Unitarian, 
could neitlier teacli nor preach, and was liable to ruin- 
ous tines and long imprisonment.^ In tliose days, the 
guns that were pointed by the ChurcJi against tlie 
Dissenters were shotted. The law was a cesspool of 
inicpiity and cruelty. Adam Smith wa^s a new prophet 
whom few regarded, and commerce was hampered by 
idiotic impe,dini(‘.nts, and ruined by still more absurd 
help, on the part of government. 

Birmingham, though already the centre of a con- 
siderable industry, was a mere village as compared 
with its present extent. People who travelled went 
about armed, by reason of the abundance of highway- 
men and the paucity and inefficiency of the police. 
Stage coaches had not I’eached Birmingham, and it 
took three days to get to London, liven canals were 
a recent and much opposed invention. 

Newton had laid the foundation of a mechanical 
conception of the physical universe: Hartley, putting a 

1 In 1732 Doddridge was cited I’or teaching without the Bishop’.'^ 
leave, at Northampton. 
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modern face upon ancient materialism, had extended 
that mechanical conception to psychology ; Linmnus 
and Haller were beginning to introduce method and 
order into the chaotic accumulation of l)iological facts. 
But those parts of physical science which deal with heat, 
electricity, and magnetism, and above all, chemistry, 
in the modern sense, can hardly be said to have had 
an existence. No one knew that two of the old 
elemental bodies, air and water, arc compounds, and 
that a third, (ire, is not a substance but a motion. 
The great industries that have grown out of the 
applications of modem scientific discoveries had no 
existence, and the man who should have foretold their 
coming into being in the days of his son, would have 
been regarded as a mad enthusiast. 

In common with many other excellent persons, 
Priestley believed that man is capable of reaching, and 
will eventually attain, perfection. If the tem})erature 
of space presented no obstacle, I should be glad to 
entertain the same idea ; but judging from the past 
progress of our species, I am afi’aid that the globe will 
have cooled down so far, before the advent of this 
natural millennium, that we shall be, at best, perfected 
Esejuimaux. For all practical purposes, however, it is 
enough that man may visibly improve his condition 
in the course of a century or so. And, if the picture 
of the state of things in Priestley’s time, which I have 
just drawn, liave any pretence to accuracy, 1 think it 
must be admitted that there has been a considerable 
change for the better. 

I need not advert to the well-worn topic of material 
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advancement, in a place in which the very stones 
testify to that j^rogress — in the town of Watt and of 
13oulton. I will ordy remark, in passing, that material 
advancement has its share in moral and intellectual 
progress. Becky Shar])'s acute remark that it is not 
difficult to he virtuous on ten thousand a year, has its 
application to nations; and it is futile to expect a 
hungry and scpialid population to he anything hut 
violent and gross. But as regards other than materia] 
widfare, although perfection is not yet in sight — even 
from llie mast-head — it is surely true that things arc 
much h(itter thati they were. 

Take the uppcj* and middle class(\s as a whole, and 
it may he said that open immorality ajid gross in- 
tempei'ance have vaaiislu'd. Four and six hottle men 
are as extinct as the dodo. Women oJ* good rc'pute 
do not gamble, and talk modelled upon Dean Swift's 
“Art of Polite (’hnversation " Avould he tolerated in 
no decent kitchen. 

Memhers of the legislature are not to he hough t; 
and constituents are awakening to the fact that votes 
must not he sold — even for such ti’ides as rahhits and 
tea and cake. Political power has passed into the 
hands of the masses of the peoj)le. Those whom 
Priestley calls their servants have recognised their 
position, and have recpiested the master to he so good 
as to go to school and fit himself for the administration 
of his property. No civil disability attaches to any 
one on theological grounds, and the highest offices of 
the state are open to Papist, Jew, or Secularist.^ 

^ The rucL'iit pruceedinj^s of the House of Coimuous throw a doubt, 
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Whatever men's opinions as to the policy of Estab- 
lishment, no one can hesitate to admit that the clergy 
of the Church arc men of pure life and conversation, 
zealous in the discharge of their duties ; and, at pre- 
sent, apparently, more bent on prosecuting one another 
than on meddling with Dissenters. Theology itself 
has broadened so much, that Anglican divines put 
forward doctrines more liberal than those of Priestley ; 
and, in our state-supported churches, one listener may 
hear a sermon to which Bossuet might have given his 
approbation, while another may hear a discourse in 
which Socrates would find nothing new. 

But great as these changes may be, they sink into 
insignificance beside the progress of ])liysical science, 
whether we consider the improvement of methods of 
investigation, or the increase in bulk of solid know- 
ledge. Consul ('1* tliat the labours of Laplace, of 
Young, of Davy, and of Faraday ; of Cuvier, of 
Lamarck, and of Bobert Brown ; of Von Baer, and of 
Schwann; of Smith and of Uutlon, have all been 
carried on since Priestley disc^overed oxygen; and 
(consider that they are now things of the past, con- 
cealed by the industry of those wlio have built upon 
them, as the first found(U*s of a coral reef are hidden 
beneath the life's work of their successors ; consider 
that the methods of physical sctencc arc slowly spread- 
ing into all investigations, and that proofs as valid 
as those required by her canons of investigation, 
are being demanded of all doctrines which ask tor 

it is to be hoped may speedily be removed, on the accuracy of 
this statement. (September 1881.) 
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men's assent ; and you will have a faint image of the 
astounding difference in this respect between the nine- 
teenth century and the eiglitcenth. 

If we ask what is the deeper meaning of all these 
vast changes, I think there can l)c but one reply. 
They mean that reason has asserted and exercised her 
primacy over all provinces of human activity : that 
ecclcsiasti(tal authority has been relegated to its proper 
place ; that the good of the governed has been finally 
recognised as the end of government, and the com- 
plete responsibility of governors to the people as its 
means; and that the dependence of natural plieno- 
mena in general, on the laws of action of what we call 
matter has become an axiom. 

But it was to bring those things about, and to 
enforce the recognition of these truths, that Jose[)h 
Priestley laboured. If the nineteenth c.cntury is other 
and better than the eighteenth, it is, in groat measiii'(‘-, 
to him and to such men as he, that we owe the chaimc. 
If the twentieth century is to be better than tlie nine- 
teenth, it will be because there arc among us men 
who walk ill Priestley's footsteps. 

Such men are not those whom their own generation 

o 

delights to honour ; such men, in fact, rarely trouble 
themselves about honour, but ask, in another spirit 
than Falstaff's, “ What is honour ? Who hath it ? 
He that died o’ Wednesday.” But whether Priestley’s 
lot be theirs, and a future generation, in justice and 
in gratitude, set up their statues; or whether their 
names and fame are blotted out from remembrance, 
their work will live as long as time endures. To all 
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eternity, the sum of truth and right will have been 
increased by their means ; to all eternity, falsciliood 
and injustice will be the weaker because they have 
lived. 
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VI. 

ON THE METHOD OK ZADIG : 

KETR08PE0TIVE PUOPHEOY AS A FUNCTION OF SCIFNCE. 

“ Unc nitirqiie plus sure quo toules cellos (l(j Zadig ” — Ouvtku.i 

It is a usual and a commendable practice to prcfocc 
the discussion of the views of a philosophic thinker 
by some account of the man and of the circum8tanc(\s 
which shaped his life and (toloui'cd his way of looking 
at things ; but, thougli Zadig is cited in one of tlio 
most important chapters of Cuvier’s greatest work, 
little is known about liim, and that little might pei- 
haps be better authenticated than it is. 

It is said that he lived at Bal)ylon in tlic time of 
King Moabdar ; Imt tlie name of Moabdar docs not 
appear in the list of Babylonian sovereigns brought 
to liglit by the pa.tiencc and the industry of the de- 
cipherers of cuneiform inscriptions in these later years; 
nor indeed am 1 aware that there is any other author- 
ity for his existence than tJiat of the biographer of 
Zadig, one Ai'oiiet dc Voltaire, among whose more 

^ “ Discours sur les revolutions de la surface du globe,” Kecherch’'^ 
sur ks OS' emeus fossiks^ Ed. iv. t. i. p. 185. 
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('uiispicuoiis merits strict historical accuracy is pcrliaps 
hardly to he reckoned. 

Hapinly Zadig is in the position of a great many 
other pliilosophers. What he was like when he was in 
llie flesh, indeed wliether he existed at all, are matters 
ot no great conscfpience. AVhat we ca,rc about in a 
liglit is tlia,t it shows the way, not whether it is lamp 
or (‘andle, tallow or wax. Our only real intinx'st in 
Zadig lies in (he conceptions of which he is the piita- 
tiv(' fatlior ; and his Ihographer has statial tla'se with 
M) much cJ(‘arness and vivacdous illustration, that W(5 
need hardly feel a liang, (jvcui if critical r(‘search should 
prove King i\[oalKlar and all the r(‘st of the story 
to l)e uidiistorical, and rhIucc Zadig himself to the 
shadowy condition of a. s(dar myth. 

Voltaire t(‘lls us that, dis(;nchant(‘d with life by 
sundry domestics misadvcuitures, Zadig withdrew from 
tli(i tnianoil of Tlabylon to a secluded ndreat on the 
l)anks of the Euj)lirates, where he l)eguiled liis solitude 
hy the study of natui’c. The manifold wonders of tlie 
world of lih'- had a, particular attraction for the lonely 
student; incessant and patient observation of the 
J)la,iits and annuals alioiit him ►sharpened his naturally 
good powers of ol)S(Tvation and ot reasoning ; until, 
at lengtli, he a(Mpiired a sagacity which enabled him 
to p('rc(uve endless minute diiferences among objects 
which, to the untutored eye, apjaaired absolutely alike'. 

It, might luive l)('('n expecteal that tliis eidargement 
ot the ])owers of tin*, miml and of its store of natunil 
knowledge could tend to nothing but the increase of 
a niaifs own w('lfare and the good of his fellow-men. 

K 
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But Zadig was fated to experience tlic vanity of sikjIi 
expectations. 

One day, walking near a little wood, ho saw, hastening that 
way, one of the Queen’s chief eunuchs, followed by a troop of 
officials, who appeared to be in the greatest anxiety, running 
hither and thither like men distraught, in search of some lost 
treasure. 

“Young man,” cried the eunuch, “have you seen the Queen’s 
dogl” Zadig answered modestly, “A bitch, I think, not a dog.” 
“Quite right,” replied the eunuch; and Zadig continued, “Avery 
small spaniel who has lately had puppies ; she limps with tlu^ 
left foreleg, and has very long ears.” “ Ah ! you have s(;en her 
then,” said the breathless eunuch. “ No,” answered Zadig, “ 1 
have not seen her ; and t really was not a^^^are that the Queen 
possessed a spaniel.” 

By an odd coincidence, at the very same time, the handsom- 
est horse in the King’s stables broke away from his groom in 
the Babylonian plains. The grand huntsman and all his stall’ 
were seeking the horse with as much anxiety as the eunuch ami 
his people the spaniel ; and the grand huntsman asked Zadig if 
he had not seen tin* King’s horse go that way. 

“A lirst-ratc gallojier, small-hooled, live feet high ; tail thn'e 
feet and a half long; cheek piece's of the bit of twenty tlim 
carat gold ; shot's siUer ?” said Zadig. 

“Which way ditl h(5 go? Wln'ie is lie?” crit'd the grand 
huntsman. 

“ I have not seen anything of the horse, and I never lu'aid 
)f him before,” replied Zadig. 

The grand huntsman and the chief eunuch made sure that 
Zadig had stolen both the King’s horse and the Queen’s spaniel, 
so they haled him Indore tlie High Court of Desti'rham, which 
at once condemiKid him to the knout, and transportation for litc 
to Siberia. But the sentence was hardly pronounced avIu'u tie' 
lost horse and spaniel were found. So the judge^s were iindei’ 
the jiainful necessity of reconsidering their decision : but tlu'y 
fimal Zadig four hundred ounces of gold for saying he had seen 
that whicli he had not seen. 

The first thing was to pay the fine ; afterwards Zadig was 
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pemnttcd to open his (lofonco to the court, whieli he did in the 
following terms : 

“ Stars of justice, abysses of knowledge, mirrors of truth, 
whose gravity is as that of lead, whose inflexibility is as that of 
iron, who rival the diamond in chiarness, and possess no little 
adlnity with gold ; since I am permitted to address your august 
assembly, I sAvcar by Ormuzd that I have never seen the resp(;ct- 
ablo lady dog of the queen, nor beheld the sacrosanct horse of 
the King of Kings. 

“This is what happened. I was taking a walk towards the 
little Avood near Avhich T .subsequently had the honour to meet 
the venerable child eunuch and the most illustrious grand hunts- 
man. I noticed the track of an animal in the sand, and it Avas 
(\asy to see that it A\\as that of a small dog. Long faint streaks 
upon the little elevations of .sand between the footmarks con- 
Aanced mo that it Avas a she dog Avith pendent dugs, slioAving 
that she must have had p\ippies not many days sima*.. Otlu*r 
scrapings of tlu' sand, which al\\^•lys lay close to the marks of the 
forepaAVS, indicated that slu‘. had very long cars ; and, as the im- 
print of one foot Avas ahvays fainter than those of tlu' otluT 
three, 1 judged that the lady dog of our august (Jueen Avas, if 1 
may vcntnn‘ to .say so, a littl(‘ lame. 

“ With respect to llie liorsi' of the King of Kings, permit me 
to observe that, Avandm'ing through the paths Avhich traAmrse the 
wood, 1 notici'd tin* marks of hoive .shoes. They AAmre all eipii- 
ilistant. ‘Ah !’ .said I, ‘this ih a famous galloper.’ In a narrow 
alley, only seven feet Avide, the du.st iqton tln^ trunks of the trees 
Avas a little disturbed at thri'c fec't and :i half from the middle 
of the p.ath. ‘This hor.se,’ said I to my.self, ‘had a tail three 
feet and a half long, and. Lashing it from one side to the other, 
he has sAvept aAvay the dust.’ Hranclu's of the trees met OA'er- 
head at the height of live feet, ami umhu* tlunn 1 saAV ncAvly 
fallen leav'es ; .so 1 kncAV that tln^ hoivo load brushed some of the 
branche.s, and Avas therefore live, feid high. As to his bit, it 
mu.st have been made of tAventy-three carat gold, for he had 
I'ubbed it against a stone, Avhich turned out to be a louclistone, 
with the properties of Avhich 1 am famili;ir by cxpcrimmiL 
Lastly, by the maiks Avhich his shoes left upon pebbh's of .■inolher 
hind, I Avas hal to think that his slioe.s Avere of line siha'r.” 
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All the judges admired Zadig’s profound and suhtlc discern- 
ment ; and the fame of it reached even the King and the Queen. 
Krom the ante-rooms to the jm'scnce-chamher, Zadig’s name was 
in everybody’s mouth ; and, althougli many of tlie magi were of 
opinion tliat he ought to be burnt as a sorcerer, tlie King com- 
manded that the four hundred ounces of gold which he had 
been lined sliould be re.stored to him. 8o the ollicers of tlio 
court went in state willi the four liundi-cd ounces; only tlii-y 
retaiiK'd three hundred and iiimdy- eight for legal expenses, and 
their .servants expc'cted fees. 


T1]08c Avlio are iiitoinsstod in learning more of tlie 
fateful bislory of Zadig must turn to tlie original ; 
wc are di'aliiig with liiin only as a pliilosojilier, niid 
this brief cxe(']-[)t sutlieiss bn* the ex(‘mplifi(*atloii of 
the nature of liis conelusion.s and of Ibc method by 
which lie arrived at tluun. 

Tliosc coiuilusions mny be said to lie of llic nature 
of retrospei'tive projilieeies ; though it is perlinjis ii 
little liHEardous to eiujdoy phraseology which peril- 
ously suggests a contradiction in terms — the Avoid 
‘^prophecy being so constantly in ordinary use n'- 
stiieted to ^4brct(‘]lingd^ Strictly, hoAvever, the term 
pj’opliecy as much applies to outsp('akiug as to fore- 
telling; and, even in tlie re.stricted scn.se of ‘Slivimi- 
tion,” it is olivious that the es.sciuto of tlie ^Aropladie. 
o[)eration does Tiot lie in its backward or forward 
relation to tlic course of time, but in the fact that it 
is the apjnvhi'nsion of tliat Avliich lies out of th('. s])h(‘rc 
ot ininiediate kuowliMlgc ; tin* .seeing of that wliieli to 
tli(^ natural smis(‘ of the .seer is invisible, 

TJie foreteller ass(*rls tJiat, at. some future time, a 
properly situated obsei’ver will Avitness certain events ; 
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the clairvoyiint declares that, at this jn’cscnt lime, 
c(‘rtaiii things arc to bo witnessed a tliousand miles 
away; the retrospective proplict (would tliid there 
were such a word as ^Mmckteller !”) affirms that so 
mnny hours or years ago, such and sueli things were 
to be seen. In all tliese cases, it is only the relation 
to time wliich alters — the proc(‘SS of divination l)eyond 
the limits of possible direct knowledge remains the 
same. 

No doubt it was their instinctive recognition of 
tlie analogy botwcnai Zadig’s results and those obtained 
by authorised insjaration which inspired the llalw- 
lonian magi with the desire to burn the philosopher. 
Zadig admitted that he liad ntwer either seen or heard 
of the horse of the king or of the spaniel of the (pieen ; 
and yet he ventured to assert in tlu‘- most positivi? 
maimer that animals answei-ing to their description 
did actually (exist, and ran about the ])lains of Ihibylon. 
If his method was good for the divination of the (*ourse 
of events ten hours old, why slnxdd it not be good for 
those of ten )Tars or ten centuries past ; nay, might 
it not extcmd to ten thousand years and justify the 
impious in meddling with the traditions of Oaniu‘s 
and the fish, and all the sacred foundations of Baby- 
lonian cosmog(3ny ? 

But this was not the worst. There was another 
considiwation which obviously dictated to the more 
tlioughtful of the magi tlie propriety of burning Zadig 
out of hand. His defence wats worse tlian his offence. 
It showed that his mode of divination was fraught 
witli danger to magianism in general. Swollmi with 

o o o 
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tliG pride of human reason, he had ignored tlio 
estahlislied canons of magian lore ; and, trusting to 
what after all was mere carnal common sense, he pro- 
fessed to lead men to a deeper insight into nature 
than magian wisdom, will) all its lofty antagonism to 
everytliing common, had ever readied. What, in fact, 
lay at the foundation of all Zadig s arguments but tlie 
coarse commonplace assum])tion, upon wliicli (^very 
act of our daily lives is based, that we may conclude 
from an efieet to tlie pre-existence of a cause competent 
to produce tliat eilect ? 

Tlie tracks were exactly like tliose whicli dogs 
and Jiorses leave; therefore they were the eftd'ts ol* 
sucli animals as causes. The marks at the sides of 
tlie fore pi’ints of the dog track were exactly such as 
would be produced ))y long trailing ears; therefoi’c 
the dog’s long ears were the causes of these marks— 
and so on. Nothing can be more ho])elessly vulgar, 
more unlike the majestic development of a system of 
grandly unintelligible conclusions from sublimely in- 
conceivable premisses, such as delights the magiaii 
heart. In fact, Zadig’s method Avas nothing but thij 
method of all mankind. E(dros[)cctive prophecies, 
far more astonishing for their minute accuj’acy than 
those of Zadig, are familiar to those Avho have watched 
the daily life of nomadic people. 

From freshly broken twigs, crushed leaves, dis- 
turbed pebbles, and imprints hardly discernible by the 
untrained eye, such graduates in the University of 
Nature will divine, not only the fact that a party has 
passed that way, but its strength, its composition, the 
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course it took, and tlic number of hours or days which 
have elapsed since it passed. But they are aide to do 
this because, like Zadig, they perceive endless minute 
differences where untrained eyes discern nothing ; and 
because the unconscious logic of common sense com- 
pels them to account for these effects by the causes 
which they know to be competent to produce them. 

And such mere methodised savagery was to dis- 
cover the hidden things of nature better than (X prion 
deductions from the nature of Orniuzd — perhaps to 
give a history of the past, in which Oannes would be 
altogether ignored 1 Decidedly it were better to burn 
tliis man at once. 

If instinct, or an unwonted use of reason, led 
Moabdar’s magi to this conclusion two or three thousand 
y(‘ars ago, all that can be said is that subsecpiont history 
has fully justified them. For the rigorous a])|)li(‘ation 
of Zadig’s loght lo the results of accurati'. and long- 
continued observation has founded all (hose sciisices 
which have been termed historical or pahetiological, 
bec!iuse they arc retrospect iv(‘ly pro])beli('- and strivT. 
towards the reconstruction in human imagination of 
(wents which have vanished and ceased to be. 

History, in the ordinary acceptat ion of the word, is 
based upon the interpretation of documentary evidence; 
and documents would ha,vc no evidential value uidess 
historians were justified in their assum])tion that they 
have come into existence by the operation of causes 
similar to those of which documents are, in our present 
experience, the effects. If a written history can be pro- 
duced otherwise than by human agency, or if the man 
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who wrote a given dociinient was actuated by other 
than ordinary Iminan motives, such documents are of 
no more evidential value tlian so many aralx'squos. 

Archmology, which takes up the thread of histoiy 
beyond the point at which documentary evidence fails 
us, could have no existence, cxce[)t for our well- 
grounded confidence that monuments and works of 
art or artifice, have never been produced by causes 
different in kind from those to which tliey now owi; 
their origin. And geology, wliich traces baek the 
course of history beyond tlie limits of arclnnology, 
could tell us nothing except for the assumption that, 
millions of years ago, water, heat, gravitation, friction, 
animal and vegetable life, caused elTects of tlui same 
kind as they do now. Nay, even physical astrononi}', 
in so far as it takes us ba('k to the utleianost point ol‘ 
time which pahetiological science can reach, is founded 
upon the same assumption. If the law of gravitation 
ever failed to be true, even to the. smallest extent, for 
that period, the calculations of the astronomer have 
no applicalion. 

The jiower of prediction, of prospective prophecy, is 
that which is commonly regarded as the grea t preroga-- 
tivc of physical science. And truly it is a wonderful 
fact that one can go into a shop and buy for small 
price a book, the Nautical Almanac,^’ which will 
foretell the exact position to l)c occupied l)y one of 
Jupitcr^s moons six months hence; nay more, that, 
if it were worth while, the Astronomer lloyal could 
furnish us with as infallible a prediction applicable 
to 1980 or 2980. 
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But astronomy is not loss remarkable for its power 
of retrospective propliecy. 

Thales, oklest of Greek philosophers, tlu'- dates of 
whose birth and death are uncertain, but wlio flourished 
about GOO B.C., is said to have foretold an eclipse of the 
sun which took ])laec m his time during a battle 
1)( ‘tween the Medcs and tlic Lydians. Sir George Airy 
has written a very learned and interesting memoir^ in 
which lie proves that such an eclipse was visible in 
fiydia, on the afternoon of tlie 2Bth of May in the 
yeai' 585 n.o. 

No one doul)ts that, on the day and at the hour 
mentioned by the Astronomer Loyal, the pc'ople of 
Asia Minor saw the face of the sun totally obscured. 
But, though we implicitly believe' this retrospeettivc 
])ro])h(a.ty, it is incapable of verification. In the 
total alisencc of historical records, it is impossible 
even to conceive any imams of ascertaining diiA'ctly 
whether the ecli})se of Thales happened or not. All 
that can be said is, that the prospective prophecies 
of the astronomer are always verified ; and that, 
inasmuch as Ids retrospective prophecies are tlie re- 
sult of following liack wards, the very same method as 
tliat which im^ariably leads to verified results, when 
it is worked forwards, there is as much reason for 
placing full confidence in the one as in the otluT. 
Iietrospectivc prophecy is thcrcfoi’c a legitimate liiiH*- 
tion of astronomical science ; and if it is k'gitimate tor 
one science it is Icijitiniate for all ; the tundameiital 

^ “ On llie Eclip.ses of Agatliocles, Thales, and XctaoV' riillusophical 
Transact ioiiSj vol. cxliii. 
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axiom on wliicli it rests, the constancy of the order of 
nature, being the common foundation of all scientific 
thought. Indeed, if there can be grades in legitimacy, 
certain branches of science have the advantage over 
nstronomy, in so far as their retrospective propliccics 
are not only susceptible of verification, but are some- 
times strikingly verified. 

Such a science exists in that application of the 
principles of biology to the interpretation of the animal 
and vegetable remains imbedded in the roclsS whicli 
compose the surface of the globe, which is called 
Palaeontology. 

At no very distant time, the (jucstion'^ whctlicr 
these so-called “fossils'^ were really the remains of 
animals and plants was hotly disputed. Very learned 
persons maintained that they were notliing of tlie 
kind, but a sort of concretion, or crystallisation, whicli 
had taken place within the stone in whicli tlieyare 
found ; and which simulated the forms of animal and 
vegetable life, just as frost on a window-pane imitates 
v'ogetation. At the present day, it would probaWy be 
impossible to find any sane advocate of this opinion ; 
and the fact is rather surprising, that among the people 
from whom the circle -s(piarcrH, perpetual -motioners, 
flat -earth men and the like, arc recruited, to say 
nothing of table-turners and spirit-rappers, somebody 
has not perceived the easy avenue to nonsensical 
notoriety open to any one who will take up the good 
old doctrine, that fossils are all liisus naiiim. 

The position would be impregnable, inasmuch as it 
is quite impossible to prove the contrary. If a man 
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choose to maintain that a fossil oyster shell, in spite of 
its correspondence, down to every miuutc'st particular, 
with that of an oyster fresh taken out of the sea, was 
iKWcr tenanted hy a living oyster, hut is a mineral 
(‘oiuTction, there is no demonstrating his error. All 
that can be done is to show him that, l)y a parily of 
reasoning, he is hound to admit that a heap of oystm* 
shells outside a fishmonger's door may also he "‘spoils 
of nature,” and that a mutton lione in a dust-hiu may 
have had the like origin. And when you cannot prove 
that peojile are wrong, hut only that they are absurd, 
the best course is to let them alone. 

Tlie whole fabric of paleontology, in fact, falls to 
the ground unless we admit the validity of Zadig’s 
great principle, that like ellects imply like causes ; and 
that the process of reasoning from a shell, or a tooth, 
or a bone, to the nature of the animal to which it 
belonged, rests absolutely on the assumption that the 
likeness of this shell, or tooth, or bone, to that of some 
animal with which we are already acquainted, is such 
that we are justified in inferring a corresponding 
d('grec of likeness in the rest of the two organisms. 
It is on* this very simple principle, and not upon 
imaginary laws of physiological correlation, about 
which, in most cases, w^e know nothing wdiatever, that 
the so-called restorations of the paheontologist are 
based. 

Abundant illustrations of this truth will occur to 
every one who is familiar Avilh paheontology ; none is 
more suitable than the case of (he so-called Bdcninitcs. 
Ill the early days of the study of fossils, this mime Avas 



ON THE METHOD OE ZADTO. [leCT. 

given to certain elongated stony l)odics, ending at 
one extremity in a conical point, and truncated at tln^ 
oilier, which were commonly reputed to be thunder- 
bolts, and as such to have descended from the sky. 
Tliey are common enough in some parts of England ; 
and, in tlie condition in which they arc ordinarily 
found, it might be difficult to give satisfactory reasons 
for denying them to be mci'ely mineral bodies. 

They appear, in fact, to consist of nothing but 
conc(}iitric layers of carl)oiiate of lime, disposed in 
suljciystallinc fil)res, or prisms, pcrpendiiadar to tlie 
layers. Among a great numl)cr of specimens of tlu'se 
IJelemniles, liowever, it was soon observed that some 
showed a conical cavity at the blunt end; and, in still 
better preserved specimens, this cavity appeared to 
l)c divided into chamlx'rs by delicafe saucer-sliaju'd 
partitions, situated at regular intervals one above tli(! 
other. Now there is no mineral body wliich presents 
any struetnre comparable to tliis, and tlie conclusion 
suggested itsidf t hat the l](‘lemnites must be the effects 
of causes other than those which are at work in 
inorganic natuDi. On close examination, the sauciT- 
shaped partitions were proved to be all perforated at 
one point, and the perforations being situated exactly 
in the same line, the chambers were seen to be 
traversed by a canal, or siplimde, which thus con- 
nected the smallest or apical chamber with the largest. 
There is nothing like this in the vegetable world ; but 
an exactly corresponding structure is met with in the 
shells of two kinds of existing animals, the tiearly 
Nautilus and the Spirilla, and only in them. These 
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animals belong to the same division — the CviiJuiIopodd 
—as the cuttle-fish, the squid, and the octoi)ns. Ihit 
they arc the only existing members of tlie group whieli 
possess chambered, siphnnciilated slu'lls; and it is 
iiit(‘rly impossilde to trace any physiological eomiec- 
tion lietwceu the very peculiar stnietural charactei's of 
a ceplialopod and tlu* jnvsence of a, chambeu'ed slu'll. 
In fact, the sijuid lias, insD'ad of any such shell, a 
horny ‘'pen,” the euttle-fisli lias the so-called “cuttle- 
bone,” and the octopus has no shell, or, at most, a mere 
rudiment of on(‘. 

Nevertheless, seeing tliat there is nothing in nature 
at all like tlui chambenMl shell of the Belemnite, 
except the shells of the Xnutilus and of tlie Spirula^ 
it \vas legitimate to prophesy that the animal from 
vhich the fossil proceeded must have belonged to the 
group of the Cephalopoda. Nanlihis and Spirula are 
both very rare animats, lint th(‘ ju’ogress of investiga- 
tion brought to light the singular fact, that, though 
each has the characteristic cephalopodous organisation, 
it^ is very different from the other. The shell of Xautl- 
les is external, that of Spirula mivr ml ; Xaufihis has 
four gills, Spirula two; Nautihos his multitudinous 
tentacles, Spindalm^ only ten arms beset with horny 
rimmed suckers ; Spiruhf, like the squids and cuttle- 
lislu'-s, whicli it closely resembles, has a liag of ink 
which it squirts out to ('ovi*r its retreat when alarmed ; 
l\^(n(fih{.^ has none. 

No amount, of [)hysiologi<*al n^asoimig (oiild enable 
'■niy one to say whether the animal wlih'h fabricated 
the llelemnite was more lik(‘. Nautdia^, or more like 
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Spirilla. But tlie uccddental discoveiy of Belcmintcs 
ill due connection witli black elongated masses wliicli 
were certainly fossilised ink-bags, inasmucb as tlic 
ink could be ground up and used for painting as well 
as if it wore recent sepia, settled the question ; and it 
became perfectly safe to prophesy that the creature 
wliich fobricated the Belcmnite was a two-gil]e<l 
cephnlopod with suckers on its arms, and with all tlu* 
other essential features of our living squids, cuttle- 
fishes, and Soiriihr. The palaeontologist was, by this 
time, able to speak as confidently about the animal of 
the nelemnile, as Zadig was respecting the (pieens 
spaniel. He could give a very fair desi'ription of its 
external appearance, and even enter prclly fully into 
the details of its internal oiganisation, and yet couhl 
declare that neither he, nor any oik} else, h.ad ever 
seen one. And as the (pieen s s])aiii(‘l was found, so 
happily has tluj animal of the Deleinniti' ; a hov 
exceptionally preserved spi'ciineiis having b(‘en dis- 
covered, which completely verify the relrospe('ti\’<‘ 
|)roph('cy of those who interjireted the facts of the casi; 
by due application of the method of Zadig. 

These Belemnites flourished in prodigious abun- 
dance in the siais of the inesozoic or secondary ago of 
the work Vs geological liistory ; but no trace of them 
has Ijcen found in any of the tertiaiy deiiosits, and 
they ap[)ear to have died out towards the close of the 
mesozoic epoch. The method of Zadig, therefore, 
applies in full force to the events of a period which is 
immeasurably remote, which long j)receded the origin 
of the most conspicuous mountain masses of the 
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pi’e.scnt world, and llic deiiosilioii, at tlic bottom of 
tLc ocean, of the rocks which form the greater part of 
(lie soil of our present continents. Tlie Eiipliratcs 
itself, at the mouth of which Oannes landed, is a thing 
of yc.stcrday compared with a Bclcmnitc ; and even 
the liberal chronology of Magiau cosmogony fixes the 
beginning of the world only at a time wlien other 
applications of Zadig’s mctliod aftbrd convincing evi- 
dence that, could we have been there to see, things 
would have looked very much as they do now. Truly 
the magi were wi.se in their generation ; tiny foresaw 
lightly that this pestilent apiJication of the principles 
of common sense, inaugurated by Zadig, would be 
their ruin. 

But it may be said that •the method of Zadig, 
which is simpl(3 reasoning from analogy, docs not 
nccount for the most striking feats of modern paheon- 
tology — tlic reconstruction of entire animnls fi*om a 
tooth or porlia|)S a frogimoii- of a lione ; and it may lie 
justly urged that Cuvier, the great master of this kind 
of investigation, gave a very dilfei-ent account of the 
process whicli yielded such remarkable results. 

Cuvier is not the first man of aliility wlio lias failed 
to make his own mental processes clear to himself, 
and lie will not be the last. The matter (*an be easily 
tested. Scarcli the eigiit volumes of the “ lieclierchcs 
^ur les Osseinens fossiles'' from cover to cover, and 
nothing but the application of tlie metliod of Zadig 
will be found in the arguments by which a fragment 
uf a skeleton is made to reveal the characti'rs of the 
uniiiial to which it belonged. 
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There is one well-known case which may represent 
all. Tt is an excellent illiistra-tion of Cuvicr^s sagacity, 
and he evidently lakes some pride in telling his story 
about it. A split slab of stone arrived from the 
quarries of ]\[ontniartrc, the two hah es of which con- 
tained the greater part of tlie skeleton of a small 
luiimal. On car(‘ful examinations of the charat'kTs of 
the tecdi and of the lower jaw, which happinuMl to Ik' 
ox[)ose(l, (Aivier assured liiiuseir tha,t. tk(*y pivsentcd 
such a very clos(‘ resemblance, to tlie corresj)onding 
t)arts in tlu' living opossums that li(‘ at oiua* assigiu-il 
tlie fossil to tliat genus. 

Now the opossums an*, unlike- most mammals in 
that they possess two boiu's attached to th(i foi'c part 
of the })elvis, which ate ('ommonlv calleil ‘Onarsii[)ial 
bones.” The name is a misnomer, originally (toiiferred 
because it was thought that these bones have soiiKi- 
thing to do with the support of tlie jioiich, or niar- 
supium, vith which sonn*, but not all, of tin* opossums 
are [)royi(le(k As a matter ot fad, they hav(‘ nothing 
to do with the support of [ho pouch, and they exist 
as much in Ihose opossums which havi! no pomdu'S as 
in those, whhdi ])ossess th(*m. In truth, no om*. knows 
what tin* use of th(‘S(‘, boiu's may lx*, nor has any valid 
theory of tlieir physiologienl import yet. been suggvsted. 
And if we have no knowledgi* of tlu! physiologiisal 
im|)ortance, of tluj bones themsi.dves, it is obviously 
absurd to pretend that W(‘, an^ abh*, to give [diysiologieal 
reasons why the, presciKa*, of the'se bones is associah'd 
with t'crtaiu j)eculiariti(*s of the teeth and of the jaws. 
Tf any one knows Avhy four molar tei*th and an in* 
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tloctcd angle of tlie jaw arc very generally found along 
witli marsuinal bonc.s, he ]ia.s not yet coimmniieatcd 
tliat kiiowlddge to tlie world. 

If, however, /iidig was riglit in concliidiug from 
(he likeness ot tlui lioof-prints wliieli lie fibscnwi'd to a, 
horse’s tljat tlie creature which made them had a tail 
like tha,t of a horse, Cuvier, seeing that the teeth and 
jti w of his fossil wi'i’c just lik(^ those of an opossum, 
lii'id the same right to conclude that the pelvis would 
also 1)0 like an ojiossums; and so sli'ong was his 
(‘oinictioii that this retrospective projihecy, about an 
animal whiidi ho had never seen before, and whh'h 
had been dead and burhal for millions of years, would 
be viM'ifiod, that he went to work upon the slab which 
contaiiKal tJie pelvis in confident expectation of finding 
and laying bare the “marsuiiial bones,” to the satis- 
faction of SOUK.', ])ersons whom he had invifed to 

witness their disintermmit. As he says: ‘'(Vdte 

operation se tit cn presenc(‘ de (|U(d(|ues pi'rsonncs 
<jui j’en avais annonee d’avanee le rosultat, dans 
I mfeiition (h* leur jiroiivei* jiar le fait hi justice de nos 
theories zoologiques; puisque le vrai caidiet dune 
theoiMe est sans controdit la facultc qu elle donne d(‘ 
prevoir les phonomcnes.” 

Ill the Uss(unens fossiles” Cuvier leaves his pap(*r 
jast as it first a.])peared in the ‘‘Annales dii Museum,” 
a- curious monument of the forei', of zoological laws 
■aid ot the use which may be mad(‘ of tliimi.” 

Zoological laws truly, Imt not physiological laws. 
If one sees a, live dog’s head, it. is extremely probable 
that a dogs tail is not far off, though nobodv <'an say 
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why that sort of head and that sort of tail go together ; 
what physiological connection there is between tlio 
two. So, in the case of the IMontmartre fossil, Cuvier, 
finding a thorough opossum^s head, concluded that the 
pelvis also would l)e like an opossum^s. Ilut, most 
assureJly, the most advanced physiologist of IIk^ 
present day could throw no light on the rpiestion Avhy 
these aix) associated, nor could pretend to affirm that 
the existence of the one is necessarily connected with 
that of the other. In facit, had it so happened tlial 
the pelvis of the fossil had been originally exposed, 
while the head lay hidden, the lu’osence of the ‘‘mar- 
supial bones, however like they might lia\'e Ikhui to 
an opossum’s, would by no means have wai’ranted tla' 
prediction that the skull would turn out to be tluit of 
the opossum. It might just as well have been liki'. 
that of some other Marsupial; or even like that of 
the totally different group of Monotremes, of whi(*li 
the only living representatives arc the Kdiidna and 
the Ornithodiynchns, 

For all practical purposes, however, the empirical 
laws of co-ordination of structures, which arc embodied 
in the generalisations of morphology, may be con- 
fidently trusted, if employed with due caution, to lead 
to a, just intcr])rctation of fossil remains ; or, in other 
words, we may look for the verification of the retro- 
spective prophecies which are based upon them. 

And if this be the case, the late advances whicli 
liave been made in palaeontological discovery open 
(Hit a new field for such propliecics. For it has been 
ascertained with respect to many groups of animals, 
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tliat, as we trace them back in time, tliciv ancestors 
gradually cease to exliilat those special modifications 
wliich at present characterise the type, and moi'e nearly 
(unliody the general plan of tlie group to \vlii('Ji they 
belong. 

Tims, in the \v(dl-kno\vn case of tlui horse, the 
foes which are su[)])ressed in llui living horse are found 
to h(‘. more and more (aiinphde in the older members 
of the group, until, at the bottom of the Tertiary 
s('ries of Ann'rica, W(‘. find an equine animal which has 
four toes in front and tbrec behind. No remains of 
tlic horses tribe are at present known fi’om any Mesozoic 
d(‘posit. Yet who eaai doubt thaf, whenever a. suffi- 
ciiaitly extensive series of lacustrine and lliiviatile 
beds of that ago becomes known, tlie lineage which 
lias been traced thus far will be continued by equine 
quadiTqieds with an increasing number of digits, until 
the horse type merges in the live-toed form towards 
wliich these gradations point ? 

Ihit the argument which holds good for the horse, 
holds good, not only for all mammals, but for the 
whohi animal world. And as the study of the ])edi- 
grees, or lines of evolution, to whi('Ji, at present, we 
liave access, brings to light, as it assuredly will do, 
the laws of that process, we shall be able to ri'ason 
from the facts with which the geological record 
liirnishcs us to those which have hitherto remained, 
and many of which, perhaps, may for ever remain, 
•hdden. The same method of reasoning which (uiables 
as, when furnished with a fragment of an extinct 
animal, to prophesy the character which tin' whole 
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organism exhibited, will, sooner or later, cna,l)le us, 
when wo know a few of the later terms of a genea- 
logical series, to predict the nature of the earlier 
terms. 

In no very distant future, tlie method of Zadii>, 
applied to a greater l)ody of faets than the present 
generation is fortunate enough to handle, will t‘nal)l(‘ 
the biologist to reconstruct tin', schenn'. of life from its 
beginning, and to sY)eak as confidently of the character 
of long extinct living beiiigs, no trace of which has 
l)een preserved, as Zadig did of the cpieen’s spaniel 
and the king's horse. Let us hope that tiny may he 
better rewarded for their toil and their sagacity than 
was the Babylonian philosopher; for perhaps, by thai 
time, the Magi also may bo reckoned arneng the 
members of a forgotten Fauna, extinguished in the 
struggle for existence against their great rival, common 


sense. 
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VIT. 

ON TIFE r>ORDEIl TEHRITOUY RE^PWEEN 
TJJK ANIMAL AND THE VEUETAliLE 
KINCDOMS. 

In the whole histoiy of science there is nothing more 
rcmiirkahlc tlian the rapidity of the growtli of bio- 
logical knowledge within the last half-eentmy, and 
the extent of the inodificatioii w'liicli has thereby been 
efF(?cted in some of tlie fundamental conceptions of 
the nat-uralist. 

In the second edition of the licgne Animal/’ 
published in 1828 , Cuvier devot(\s a special section to 
the “Division of Organised Dcings into Animals and 
Vegetables,” in which the (picstion is treated with tliat 
comprehensiveness of knowledge and clear critical 
judgment which characterise his writings, and justify 
us in regarding them as representative (‘.xpressions of 
the most extensive, if not the profoundest, knowledge 
of his time. He tells us tluit liviim lieings have 
been subdivided from the earliest times into animated 
l^eimjs, which possess sense and motion, and inaiii- 
'mated heimjs, which are devoid of these functions, 
and simply vegetate. 

Although the roots of plants direct themselves to- 



150 ANIMALS AND PLANTS. [lect. 

wards moisture, and their leaves towards air and 
light, — although the parts of some plants exhibit 
oscillating movements without any perceptible cause, 
and the leaves of others retract when touclied, — yet 
none of these movements justify the ascription to 
plants of perception or of will. From the mobility of 
animals, Cuvier, with his eharaetcristic partiality for 
teleological rea-soning, deduces the necessity of the 
exisl once in them of an alimentary cavity, or reservoir 
of food, whence their nutrition may be drawn by tlui 
V(‘sscls, which arc a sort of intiuiial roots ; and, in 
the ])resen(;(; of this alimentary cavity, he naturally 
sees tli(5 [)rimary and the most important distinction 
between animals and plants. 

Following out liis t(‘l(;ological argument, Cuvici' 
remarks that the organisation of this cavity and its 
appurtenances must needs vary according to the natuiv 
of the aliment, and the operations which it has to 
undergo, l)efore it can bo converted into substances 
tilted for absorption ; while the atmosphere and the 
(‘arth supply plants with juices ready prepared, ajj<l 
which can be absorbed immediately. As the animal 
body re(piired to be independent of heat and of the 
atmosphere, there wore no means by which the motion 
of its fluids could be produced by internal causes. 
Hence arose the second great distinctive (diaracter of 
animals, or the circulatory system, whicdi is less im- 
portant than the digestive, since it was unnecessary, 
and therefore is absent, in the more simple animals. 

Animals further needed muscles for locomotion 
[ind nerves for sensibility. Hence, says Cuvier, it 
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was necessary that the chemical composition of tlie 
animal body should be more complicated than that of 
the plant ; and it is so, inasmuch as an additional 
substance, nitrogen, enters into it as an essential 
element ; while, in plants, nitrog(ui is only accidentally 
joined with the three other fundninental constituents 
of organic bciings — carbon, hydrogen, and oxygen. 
Indeed, he afterwards affinns that nitrogen is peculiar 
to animals; and herein he places the third distinction 
b(‘tw(‘(ai the animal and the plant. The soil and the 
atmosphere snp[)ly plants with water, composed of 
liydrogen and oxygen ; air, consisting of nitrogen and 
oxygen ; and carbonic acid, containing carbon and 
ox}'gen. They retain the hydrogen and the carbon, 
exhale the supcrlluous oxygen, and absorb little or 
no nitrogen. The essential character of vegetable 
life is the exhalation of oxygen, which is effexited 
through the agency of light. Animals, on the con- 
trary, derive their nourishment cither directly or 
indirectly from plants. They get rid of the siipcu’- 
lluoiis hydrogen and carbon, and accumulate nitrogen. 
The relations of plants and animals to the atmo- 
st)here are therefore inverse. The plant withdraws 
water and carbonic acid from the atmosphere, the 
animal contributes both to it. Respiration — that is, 
the absorption of oxygen and the exhalation of car- 
bonic acid — is the specially animal function of 
animals, and constitutes their fourth distinctive 
character. 

Thus wrote Cuvier in 1828 . But, in the fourth 
mid fifth decades of this century, the greatest and 
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most I’iipitl revolution wliicli biological sc'.ioncc lias 
ever uudergoiic was effocled by tlio application of tlui 
modern microsco[)e to the investigation of organic 
structure; by the introduction of exact and easily 
manageable methods of conducting the cliemical 
analysis of organic compounds; and finally, by tlic 
employment of instruments of precision for the mea- 
surement of the })hyslcid forces which arc at work in 
the living economy. 

That the semi-lluid contents (which we novvr term 
protoplasm) of the C(‘lls of certain plants, such as tla^ 
Chara\ arc in constant and regular motion, was made 
out by Ijonaventura (Wti a century ago ; but the fact, 
important as it was, fell into oblivion, and had to be 
rediscovered by Trevifanus in 1807. liobert Ilrown 
noted the more com})lex motions of t-he protoplasm in 
the cc'lls of T radesauitid in 1881 ; and now siieli 
movements of the living substance of plants are well 
known to be some of the most widely-prevalent pheno- 
mena of vegetable life. 

Agardh, and other of the botanists of Cuviers 
generation, who occu})ied themselves with the lower 
plants, had observed that, under ])articular cii’cuin- 
stances, the contents of tluj cells of certain watcr-we(‘ds 
were set free, and moved about with considcrabh^ 
velocity, and with all the appearances of sponta-neity, 
as locomotive bodies, which, from their similarity to 
animals of simple organisation, were called ‘'zoo- 
spores.'^ Even as late as 1845, however, a botanist of 
SchlcideiTs eminence dealt very sce])tica,lly with these 
statements; and his scepticism was the more justified, 
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since Elircnl)erg, in liis elaborate and com])reliensive 
work on tlie Infusoria, liad declared the greater num- 
jjcr of what arc now recognised as locomotive plants 
to be animals. 

At tlie present day, innumerable plants and free 
plant cells arc known to pass the whole or part of 
llicir lives in an actively locomotive condition, in no 
wise distinguishable from that of one of tlui simphw 
.‘uiiinals; and, while in this condition, their move- 
ments are, to all a])})earance, as spontaneous — as 
mucli the product of volition — as those of such 
animals. 

Hence th(‘. teleological argument for Ckivier s first 
diagiiostht character — the presence in animals of an 
alimi'iitary cavity, or internal ’pocket, in which they 
can carry al)out their nutriment — has broken down, 
so far, at least, as his mode of stating it goes. And, 
with the advance of microscopic anatomy, the univer- 
sality of the fact itself among animals has ceased to 
he predicable. Many animals of even complex struc- 
lun'., Avhich live parasitically Avithin others, arc wholly 
devoid of an alimentary cavity. Their food is pro- 
vid('d for them, not only ready cooked, but ready 
digest(id, and the aliment tiry canal, become super- 
fiuous, has disappeared. Again, the males of most 
hotifers have no digestive a])paratus; as a fjerman 
naturalist has remarked, they devote themselves en- 
tirely to the “ Minnedienst,” and are to be reckoned 
amojig the fcAV realisations of the llyronic ideal of a 
lover. Finally, amidst the loAvest forms of animal life, 
the speck of gelatinous ])rotoplasm, Avhich constitutes 
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the whole body, has no permanent digestive cavity or 
mouth, but takes in its food anywhere ; and digests, 
so to speak, all over its body. 

But although Cuvier^s leading diagnosis of the 
animal from the plant will not stand a strict test, it 
remains one of the most constant of the distinctive 
characters of animals. And, if we substitute for the 
possession of an alimentary cavity, the power of tak- 
ing solid nutriment into the body and there digesting 
it, the dcifinition so changed will cover all animals, 
except certain parasites, and the few and exceptional 
cases of non-parasitic animals which do not feed at 
all. On the other hand, the definition thus amended 
will exclude all ordinary vegetalde organisms. 

Cuvier himself practically gives up his second 
distinctive mark when he admits that it is wanting in 
the simpler animals. 

The third distinction is l)ased on a, completely 
erroneous conee[)tion of the chemical differences and 
resemblances between the constituents of animal and 
veu’ctable organisms, for Avhich Cuvier is not re- 
sponsible, as it was (uirrent among contemporary 
chemists. It is now established that nitrogen is as 
essential a constituent of vegetable as of animal living 
matter ; and that the latter is, chemically speaking, 
just as comj)licated as the former. Starchy substances, 
cellulose and sugar, once su2)posed to be exclusively 
confined to plants, are now known to be regular and 
normal products of animals. Amylaceous and saccha- 
rine substances arc largely manufactured, even by 
the highest animals ; cellulose is widespread as a con- 
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stitucnt of the skeletons of the lower animals ; and it 
is probable that amyloid substances are universally 
present in the animal organism, though not in the 
precise form of starch. 

^ Morcoviir, although it remains true that there is 
ail inverse relation between the green plant in sun- 
shine and the animal, in so far as, under these circum- 
stances, the green plant decomposes carbonic acid and 
exhales oxygen, while the animal absorbs oxygen and 
(‘xhales carbonic acid; yet, the exact I’csearches of 
the modern chemical investigators of the physiological 
])ro(‘e.ss('s of plants have clearly demonstrated the 
fallacy of attempting to draw any general distinction 
between animals and vegetables on this ground. In 
fact, the difference vanishes with the sunshine, even in 
the case of the green plant ; which, in the dark, 
absorbs oxygen and gives out carbonic acid like any 
animal.^ On the other hand, those plants, such as the 
fungi, which contain no chlorophyll and arc not green, 
ai‘e always, so far as respiration is concerned, in the 
exact position of animals. They absorb oxygen and 
give out carbonic acid. 

Thus, by the progress of knowledge, Cuviers 
fourth distinction between the animal and the plant 
has been as completely invalidated as the third and 

^ There is every reason to believe that livinj^ plants, like living 
animals, always respire, and, in respiring, ahsorh oxygen ami give oil* 
carbonic acid ; hut, that in green plants exposed to daylight or to the 
electric light, the quantity of oxygen evolved in consiMpience of the 
decomposition of carhoiiic. acid by a special ajiparalus whicli green 
plants possess exceeds that absorbed in the concurrent respiratory 
I'l’ocess. 
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second ; and even tlie first can be retained only in a 
modified form and subject to excc])tions. 

Rut has the advance of biology simply tended to 
break down old distinctions, without establishing new 
ones ? 

Witli a qualification, to be considered presently, the 
answer to this question is undoubtedly in the affirma- 
tive. The famous researcdies of Schwann and Schlei- 
deii ill 1837 and the following years, founded the 
moilern science of histology, or that branch of anatomy 
which deals witli the ultimate visil)hi struc.ture of 
organisms, as revealed by (he microscope; and, from 
tliat day to this, the rapid im])rovemcnt of methods of 
investigation, and the energy of a host of accurat(‘, 
oliservers, have given greater and greater lircadth and 
firmness to S(ihwann’s great generalisation, that a 
fundamental unity of structure ol)tains in animals and 
plants; and that, however diverse may be the falirics, 
or tissues, of wliich their bodies are com[)Osed, all 
these varied stnudures result from the metamorphosis 
of morphological units (tei-nied cells, in a more general 
sense than that in wliich the word ‘‘ cells” was at first 
employed), Avhicli are not only similar in animals and 
in plants respectively, but present a close resemblance, 
wlum those of animals and those of plants are com- 
pared together. 

The contractility which is tlie fundamental con- 
dition of locomotion, has not only been discovered to 
exist far more widely among plani.s than was formerly 
imagined ; but, in phints, the act of contraction has 
been found to be accompanied, as Ur. Burdon Sander- 
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son's interesting investigations have sliown, by a 
disturbance of the elc(ttri(*.a.l state of t\w, contractile 
siil)stance, comparable to that which was found by Du 
llois Eeymond to be a concomitant of the activity of 
ordinary muscle in animals. 

Again, I know of no test by which the reaction 
of tlie l(‘a,ves of the Sundew and of other plants to 
stimuli, so fully and (‘antully studied by Mr. Darwin, 
(nxn be distinguished from those acts of contraction 
following upon stimuli, which are called “ reflex " in 
animals. 

On each lobe of thebilobcd leaf of Venus's fly Iraj) 
[Dloncm muscipnJa) are three delicate filaments whicli 
stand owi at I'iglit angle from tlie surface of the h‘af. 
Touch one of them with the end of a fine human hair 
and the lobes of the leaf instantly close together ^ in 
virtue of an act of contraction of part of their sul)- 
stance, just as the body of a snail contracts into its 
shell when one of its ‘Oiorns " is irritated. 

The reflex action of the snail is the result of the 
presence of a nervous system in the animal. A mole- 
cular change takes jdace in the nerve of the tentacle, 
is propagated to the muscles by which the body is 
J’(!tracted, and causing them to contract, the act of 
retraction is brought about. Of course the similarity 
o[ the acts does not necessarily involve the conclusion 
that the mechanism by which they are eftected is tlic 
same; but it suggests a suspicion of tlicir identity 
which needs careful testing. 

The results of recent inquiries into the structure vl 

’ Diirw in. “ Iii^ieLtivoroiis Plants,” p. 
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the nci'vous system of animals converge towards tlie 
conclusion that the nerve fibres, Avliich we have 
hitherto regarded as ultimate elements of nervous 
tissue, are not such, but are simply the visible aggivga- 
tions of vastly more attenuated, filaments, the diametei’ 
of which dwindles down to the limits of our present 
microscopic vision, greatly as these luive been ex- 
tended by modern improvements of the muTOscope ; and 
that a nerve is, in its essence, notliing but a linear 
tract of specially modified protoplasm between two 
j)oints of an organism — one of which is able to affca'l 
the other by means of the communication so es(al)- 
lishcd. Hence, it is conceivable tliat even the simplest 
living being may possess a nervous system. And the 
(piestion wlictlicr plants arc provided witli a, nervous 
system or not, thus acrpiires a new aspect, and 
presents the histologist and pliysiologist witli a 
problem of extreme dilliculty, wliiclunust be attacked 
from a new point of view and l)y the aid of metliods 
which have yet to ])e invented. 

Thus it must be admitted tluit plants may bo 
contractile and locomotive ; that, while locomotive, 
tluiir movements may have as mucli appearamjc of 
spontaneity as those of the lowest animals ; and that 
many exhibit actions, comparable to those which are 
brought about by the agency of a nervous system in 
animals. And it must be allowed to be possible that 
further I’cscarch may rev(‘al the existence of sonudhing 
comparable to a mu-vons system in plants. So that 1 
know not wluu’e we c-an hope to fijid any absoluti* 
distinction between animals and plants, unless we 
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return to their mode of nutrition, and inquire wlictlior 
certain differences of a more occult cliaractor than 
those imagined to exist by Cuvier, and which certainly 
hold good for the vast majority of animals and plants, 
are of universal application. 

A bean may be supplied with water in which salts of 
ammonia and certain other mineral salts are dissolved 
in due proportion ; with atmospheric air containing its 
ordinary minute dose of carbonic acid; and with 
nothing else but sunlight and heat. Under lliese 
circumstances, unnatural as they are, Avith proper 
management, the bean will thrust fortli its radicle 
and its plumule ; the former Avill grow down into 
roots, the latter groAV up into the stem and leaves of 
a vigorous beau plant; and 'this jhint will, in due 
time, floAver and produce its crop of beans, just as if it 
Avere groAvn in the garden or in the field. 

The Aveight of the nitrogenous protein compounds, 
of the oily, starchy, saccharine and Avoody sul)stanc(‘s 
contained in the full-groAvn plant and its seeds, Avill 
be vastly greater than the Aveight of the same sub- 
stances contained in the bean from Avhicli it sprang. 
I)iit nothing has been supplied to the bean save Avater, 
(mhonic acid, ammonia, potash, lime, iron, and the like, 
in combination Avith phosphoric, sulphuric, and otlier 
acids. Neither protein, nor fat, nor starch, nor sugar, 
nor any substance in the slightest degree resembling 
them, has formed part of the food of the bean. Ihit 
the weights of the carbon, hydrogen, oxygen, nitrogen, 
phosphorus, sulphur, and other elenumtary bodies 
contained in the bean -plant, and in the seeds which 
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it produces, are exactly equivalent to tlie weights of 
the same elements wliich have disappeared from the 
materials supplied to the hean during its growtli. 
Whence it follows that the hean has taken in only thi', 
raw materials of its fabric, and has mauuhxetured them 
into bean stuffs. 

The bean has been able to perform this great 
chemical feat by the help of its greiai colouring mattia-, 
or chlorophyll ; for it is only the green ])arts of thr 
plant which, under tlui inilucnce of sunliglit, liaAT 
the marvellous power of di‘c.omposing carbonh; acid, 
setting free the oxygen and laying hold of the carbuji 
which it contains. In fact, the bean obtains two of ilni 
absolutely indispensable (dements of its substance lr(jm 
two distinct sources ; 'the watery solution, in which 
its roots are plunged, contains nitrogen but no caiboii ; 
the air, to Avhich the leaves are exposed, ('ontahis 
carbon, but its nitrogen is in the state of a free gas, 
in which condition the bean can make no use of it;^ 
and the chlorophyir*^ is the apparatus by which the 
carbon is extracted from the atmospheric carbonie 
acid — the leaves being the chief laboratories in which 
this operation is effected. 

The great majority of conspicuous plants inv, as 
everybody knows, green ; and this arises from tlui 

1 I purposely assume tliat tlie air \\ini A\liicli tin* beau is supplie'l 
in the case stated conlains no amnioniacal salts. 

The re(‘ent researches of Priii^sheiin have raised a host ol‘ 

(ions as to the exact share taken by chloro}>h\ll in (lu' eheinical o])eni 
tions which are eirecle«I by the green parls of i)]an(.s. It may lie llial 
the (ddorophyll is only a constant concomitant of the actual deoxidisin': 
ajiparatus. 
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abundance of their chlorophyll. The few which 
contain no chlorophyll and are colourless, arc unable 
to extract the carbon which they require from atmo- 
Mph(U‘ic carbonic acid, and lead a parasitic existence 
upon other plants ; but it by no moans follows, often 
as the statement has been repeated, tliat the manu- 
fiictiiring power of plants depemds on their chlorophyll, 
and its interaction with the rays of the sun. On the 
contrary, it is easily demonstrated, as Pasteur first 
proved, that the lowest fungi, devoid of chlorophyll, 
or of any subslitute for it, as they are, nevertheless 
possess the characteristic manufacturing powers of 
plants in a very high degree. Only it is necessary 
that tiny should be supplied with a different kind of 
raw material ; as they cannot 'extract carbon from 
('iirl)onic acid, they must be furnished with something 
else that contains carbon. Tartaric acid is such a 
sulistance ; and if a single spore of the (commonest and 
most troublesome of moulds — PcniclUium — be sown 
in a saucerful of water, in which tartrate of ammonia, 
with a small percentage of phosphates and sulphates 
is contained, and kept warm, whether in the dark or 
ex[)osed to light, it will, in a short time, give rise to a 
thick crust of mould, which contains many million 
times the weight of the original spore, in protein 
compounds and cellulose. Thus we have a very wide 
basis of fact for the generalisation that plants are 
essentially characterised by their manufacturing capa- 
city — by their power of working up mere mineral 
matters into complex organic compounds. 

Contrariwise, there is a no less wide foundation 
M 
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for tlie generalisation that animals, as Cuvier puts it, 
depend directly or indirectly upon plants for the 
materials of their bodies; that is, either they are 
herbivorous, or they cat other animals which an* 
herbivorous. 

But for Avhat constituents of their bodies are 
animals thus d(‘pendent upon plants ? Certainly not 
for their horny matter ; nor for chondrin, the proxi- 
mate chemical element of cartilage; nor for gelatiiu'; 
nor for syntonin, the constituent of muscle ; nor foi’ 
their nervous or biliary substances; nor for tlu'ir 
amyloid matters ; nor, neiaxssaialy, for tlunr fats. 

It can 1)0 ex})eri mentally demoiistinted that 
animals can make these for themselves. But thal 
which they cannot make, but must, in all known 
cases, obtain direc.tly or indirectly from ])lants, is the 
peculiar nitrogenous niattiT, protein. Thus the plant 
is the ideal jnvWau'c of the living world, the worloa 
who produces; the animal, the hhaal aristocrat, who 
mostly occupies himself in consuming, after the manner 
of that noble representative of the line of Zalidariii, 
whose epita})h is written in Sartor liesartus. 

Here is our last hope of finding a sliar[) liin^ of de- 
marcation between plants and animals; for, as I have 
already hinted, there is a l)order territory between tlie 
two kingdoms, a sort of no-maifsdand, the inhabitants 
of whicli certainly cannot be discriminated and brougli^ 
to their proper allegiance in any other way. 

Some months ago, Professor Tyndall asked me to 
examine a drop of infusion of hay, placed under an 
excellent and powerful microscope, and to tell him 
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what I thought some organisms visible in it were. I 
looked and observed, in the first place, multitudes of 
Bacteria moving about with their ordinary intermit- 
tent spasmodic Avrigglcs. As to the vegetable nature 
of these there is now no doubt. Not only does the 
close resemblance of the Bacteria to urupiestionable 
])ljmts, such as the Oscillatori(e^ and lower forms of 
Funfjij this conclusion, but the manufacturing 

test settles the cpiestion at onen. It is only needful 
to add a minute drop of fluid containing Bacteria, to 
water in which tartrate, jfliosphate, and sulphate of 
ammonia arc dissolved ; and, in a very short space of 
time, the clear fluid becomes milky by reason of their 
lirodiglous multiplication, which, of course, implies the 
manufacture of living Ikicterium-stuff out of these 
merely saline matters. 

But other active organisms, very much larger than 
the Bacteria, attaining in fact the comparatively 
gigantic dimensions of more, in- 

cessantly crossed the field of view. Each of these had 
a body sliapcd like a pear, the small end being slightly 
incurved and produced into a long curved filament, or 
dlhim, of extreme tenuity. Behind this, from the 
concave side of the incurvation, proceeded another 
long cilium, so delicate as to be discernible only by 
the use of the liighest powers and careful management 
of the light. In the centre of the pear-shaped body a 
clear round space could occasionally be discerned, but 
Dot always ; and careful watching showed that this 
clear vacuity appeared gradually, and then shut up 
and disappeared suddenly, at regular intervals. Such 
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a structure is of common occurrence among the lowest 
plants and animals, and is known as a contractiU 
vacuole. 

The little creature thus described sometimes pro- 
pelled itself with great activity, with a curious I’olliiig 
motion, l)y the lashing of the front cilium, while the 
second cilium trailed behind ; sometimes it anchored 
itself by the hinder cilium and was spun round by the 
working of the other, its motions resembling those of 
an anchor buoy in a heavy sea. Sometimes, when two 
were in full career towards one another, each would 
appear dexterously to get out of the others way; 
sometimes a crowd w'ould asseml)le and jostle one 
another, with as much semblance of individual cifort 
as a spectator on the Grands Mulets might observi*. 
with a telescope among the specks rei)resenting men 
in the valley of Ohamounix. 

The spectacle, though always surprising, was not 
new to me. So my reply to the qm^stion put to me 
was, that these organisms were what biologists call 
Monads, and though they might be animals, it was 
also possible that they might, like the Bacteria, be 
plants. My friend received my verdict with an 
expression which showed a sad want of respect for 
authority. He would as soon believe that a sheep was 
a plant. Naturally piqued by this want of faith, 1 
liave thought a good deal over the matter ; and as 1 
still rest in the lame conclusion I originally expressed, 
and must even now confess that I cannot certainly say 
whether this creature is an animal or a plant, I think 
it may be well to state the grounds of my hesitation 
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at Icngtli. But, in tlic first place, in order tluit I may 
conveniently distinguish this ‘‘Monad’’ from the 
niultitudo of otlicr things which go hy the same 
di'signation, I must give it a name of its own. I 
tliiiik (though, for reasons which need not he stated at 
present, I am not quite sure) that it is identical with 
tlui species Monas lens, as defined by the eminent 
French microscopist Dujardin, though his magnifying 
l)ower was probably insutlicicmt to enable him to see 
that it is curiously like a much larger form of monad 
which he has named Ifetcromita, I shall, therefore, 
call it not Monas, but Jleteronilfa lens. 

I have been unable to devote to my Ileteromita 
tlie prolonged study needful to work out its whole 
Listoiy, which would involve* weeks, or it may be 
niontlis, of unremitting attention. But I the less re- 
gret this circumstance, as some remarkable observa- 
tions recently published by JMessrs. Ballinger and 
Drysd;ile^ on certain liloiiads, relate, in ])art, to a form 
so similar to my Ileteromita lens, tliat the history of 
the one may be used to illustrate that of the other. 
These most patient and painstaking observers, who 
employed the highest attainable jiowers of the micro- 
scope and, relieving one another, kept watch day and 
night over the same individual monads, have been 
enabled to trace out the whole history of their Ileter- 
omita; which they found in infusions of the heads of 
fishes of the Cod tribe. 

’ “ Ileseiirclics in tlic Lifo-liislory of a Ceivomonad ; a Lesson in 
nio^f(.*nesis and “Further Researches in the Life -history of the 
Monads.” — “Moiitlily Microscopical Journal,” 1873. 
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Of the four monads described and figured by these 
investigators, one, as I have said, very closely 
resembles Ileteroniita lens in every particular, except 
that it lias a separately distinguishable central particle 
or nucleus,’' whicli is not certainly to be made out 
in Heteromifa lens; and that nothing is said by 
]\Iessrs. Dallinger and Drysdale of the existence of a 
contractile vacuole in this monad, though they 
describe it in another. 

Their Ileteroniita^ however, multiplied rapidly by 
fission. Sometimes a transverse constriction aj)- 
peared ; the liiiider lialf developed a new cilium, and 
tlie hinder cilium gradually split from its base to its 
free end, until it was divided into two ; a pro(!ess 
which, considering tlie fact that this fine filament 
cannot be much more than yr/oouu 
diameter, is wonderful enough. The constriction of 
the body extended inwards until the two portions 
were united by a narrow isthmus ; finally, they separ- 
ated and each swam away by itself, a complete lleter- 
omita, provided with its two cilia. Sometimes the 
constriction took a longitudinal direction, with the 
same ultimate result. In each case the process occu- 
pied not more than six or seven minutes. At this 
rate, a single Ileteroniita would give rise to a 
thousand like itself in the course of an liour, to about 
a million in two hours, and to a numlier greater than 
the generally assumed number of human beings now 
living in the world in tliree hours ; or, if we give each 
Ileteromita an hours enjoyment of individual exist- 
ence, the same result will be obtained in about a day. 
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Tlio apparent suddenness of ilie appearance of multi- 
tudes of sucli organisms as tlics(‘, in any nutritive fluid 
to wliicli one obtains access, is tlius easily explained. 

During these processes of multiplication by fission, 
llic Ifcteromita rcnudns active; but sometimes another 
mode of fission occurs. Tlie body becomes rounded 
mid (pii(‘scent, or mvirly so ; and, wliile in this resting 
stat(‘, divid(‘s into two portions, eacli of which is 
nijiidly converted into an a(dive llekromita. * 

A still name nmiarkable ph(‘nomenon is tliat kind 
of iniiltipli(‘ation wliicdi is preceded liy the union of 
I wo monads, by a ])rocess wliich is termed co)ijug(h 
fioiL d\v() activ(‘, /[(‘feromific become applied to one 
miothei’, and then slowly and <jradual]y coalesce into 
OIK' body. Th(‘ two niudei run into one ; and the 
mass resulting from tlu* conjugation of the two 
lIf'f('ro]infa\ thus fused together, has a triangular 
form. The two pairs of cilia an* to be sei'ii, for some 
time, at two of tlui angles, which answer to the small 
ends of the conjoined monads; but they ultimately 
vanish, and the twin organism, in which all visible 
traces of organisation have disappeared, falls into a 
stat(*. of rest. Sudden wave-like movements of its 
Milistancc next occur; and, in a short time, the 
■‘ipices of tin* triangular mass burst, and give exit to a 
dense yellowish, glairy fluid, filled with minute gran- 
idos. This process, wliicli, il will l>o observed, 
involves the actual eoiiflueueo and mixture of the 
««hslauce of two distinct organisms, is etfeeted in the 
space of about two hours. 

I’hc authors whom I rjuotc .say tluit they “cannot 



168 ANIMALS AND PLANTS. [lect. 

express the excessive minuteness of the granules in 
question, and they estimate their diameter at less 
than -s^jjoVjoo Under the higliest powers 

of the mici'oscopc at present a})plical)le such specks 
arc hardly discernible. Nevertheless, j)articles of this 
size are massive wlien compared to pliysical molecules; 
whence there is no reason to doiil)t that each, small as 
it is, may have a molecular structure siifiicicntly com- 
plex to give rise to the phenomena of life. And, as a 
matter of fact, by patient watching of the place at 
which these iiifinitcsiinal living particles were dis- 
charged, our observers assured themsc‘l\x\s of thtdr 
growth and development into new monads. Th('S(‘, 
in about four hours from their being set free, had 
attained a sixth of the length of the partuit, with tli(‘ 
characteristic cilia, though at first they were quite 
motionless ; and, in four hours more, they had attained 
the dimensions and exhibited all the activity of th(i 
adult. These inconceivably minute particles are 
therefore the gcuans of tln.^ Ilefcromita; and from tlie 
dimensions of these germs it is easily shown that tie* 
body formed by conjugation may, at a low estimate, 
have given exit to thirty thousand of them; a result 
of a matrimonial process wlnu’c-by the contracting 
parties, without a metaphor, b(*come one flesh,’’ 
enough to make a ]\[althusiau de,s})air of the future of 
the Universe. 

I am not aware that the investiirators from whom 
I have ])orrowed this history have endeavoured to 
ascertain whether their monads take solid nutriment 
or not ; so tlnat though they help us very much to 
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fill up the blanks in the history of my Heteromita, 
their observations throw no light on the problem we 
arc trying to solve — Is it an animal or is it a plant ? 

Undoubtedly it is possible to bring forward veiy 
strong arguments in favour of regarding Ileteromita 
as a plant. 

For example, there is a Fungus, an obscure and 
almost microscopic mould, termed Peronosj)ora in- 
Jhtans. liike many other Fungi, the Peronosporm 
are parasitici upon other plants ; and tliis particular 
Peronospora ha})pcns to have attained mucli notoriety 
and political importance, in a way not witliout a 
jiarallel in the career of notorious politi(uans, namely, 
liy reason of the frightful mischief it has done to 
mankind. For it is this Funr/ns which is the cause 
of the potato disease; and, therefore, Peronospora 
iifji'stahs (doubtless of exclusively Saxon origin, 
though not a(*curately known to be so) brought al)Out 
the Irisli famine. The plants afflicted with the 
malady arc found to be infested ly a mould, consist- 
ing of fine tubular filaments, termed h}Jph(i\ which 
harrow tlirough the substance of the potato plant, 
and a])propriatc to themselves (Iuj substance of their 
host ; while', at the same time, directly or indirectly, 
tlu'y set up cliemical changes l^y which even its 
woody framework becomes blackened, sodden, and 
withered. 

In structure, however, the Peronospora is as much 
a mould as the common Penicillin m ; and just as the 
f^cnicillinm multiplies by the breaking up of its hyphm 
hito separate rounded bodies, tJic spores ; so, in the 
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Peronospora^ certain of the liyphse grow out into the 
air through the interstices of the superficial cells of 
tlie potato plant, and develop spores. Each of these 
liypha) usually gives off several branches. The ends 
of the branches dilate and become closed sacs, which 
eventually drop off as spores. The spores falling on 
some part of tlie same potato plant, or carried by tin; 
Avind to another, may at once germinate, throwing 
out tubular prolongations which become hyphso, and 
burrow into the siil)stance of tlic plant attacked. 
But, more commonly, the contents of the spore divide 
into six or eight separate portions. Tlie coat of the 
spore gives way, and each portion then emerges as an 
independent organism, wliich has the shape of a bean, 
rather narrower at one end than the other, convex on 
one side, and depressed or concave on tlie opposite. 
From the depression, two long and delicate cilia pro- 
(!ccd, one shorter than the other, and directed forwards. 
Close to the origin of tliese cilia, in the substance of 
the body, is a rcigularly pulsating, contractile vacuole. 
The shorter cilium vibrates actively, and effects the 
locomotion of the organism, while the other trails 
behind ; the whole body rolling on its axis with its 
pointed end forwards. 

The eminent botanist, De Bary, who was not 
thinking of our problem, tells us, in describing the 
movements of these “ Zoospores,'’ that, as they SAvim 
about, Foreign bodies are carefully avoided, and the 
Avholc movement has a deceptive likeness to the 
voluntary changes of place which are observed in 
microscopic animals." 
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After swarming a, bout in this way in the moisture 
ou the surface of a leaf or stem (which, film though 
it may be, is an ocean to such a fisli) for half an hour, 
more or less, the movement of the zoospore becomes 
slower, and is limited to a slow turning upon its 
axis, without change of place. It then becomes quite 
quiet, the cilia disappear, it assumes a splierical form, 
and surrounds itself with a distinct, though delicate, 
membranous coat. A protuberance then grows out 
from one side of tlie sphere, and rapidly increasing 
in lengtli, assumes the character of a hyplia. The 
latter penetrates into tlie substance of the potato 
plant, eitlier by entering a stomatc, or by boring 
through the wall of an epidermic cell, and ramifies, as 
a, mycelium, in the substance oi the plant, destroying 
the tissues with which it comes in contact. As these 
])ro('-esscs of multiplication take place very rapidly, 
millions of spores are soon set free from a single 
infest(‘d plant ; and, from their minuteness, they arc 
readily transported by the gentlest breeze. Since, 
again, the zoospores set free from each spore, in virtue 
of their powers of locomotion, swiftly disperse them- 
selves over the surface, it is no wonder that the infec- 
tion, once started, soon spreads from field to field, and 
extends its ravages over a whole country. 

However, it docs not enter into my present j)lan 
to treat of the potato disease, instructively as its 
history bears upon that of other epidemics ; and I have 
selected the case of the Peronospova simply because 
it affords an example of an organism, which, in one 
stage of its existence, is truly a Monad,'" indistin- 
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guisliablc by any important character from our Hetero- 
onita, and extraordinarily like it in some respects. 
And yet this ‘‘ Monad can be traced, step by step, 
through the series of metamorphoses which I have 
described, until it assumes the features of an organism, 
which is as much a plant as is an oak or an elm. 

Moreover, it would be possible to pursue tlic 
analogy farther. Under certain circumstances, a pro- 
cess of conjugation takes jdace in the Peronosjwm. 
Two separate portions of its protoplasm become fused 
together, surround themselves with a thick coat, and 
give rise to a sort of vegetable egg called an oospore. 
After a period of rest, the contents of the oospore 
break up into a number of zoospores like those 
already described, each of which, after a period of 
activity, germinates in the ordinary way. This process 
obviously corresponds with the conjugation and sub- 
sequent setting free of germs in the lleleromita. 

But it may be said that the Peronospora is, after 
all, a questionable sort of plant ; that it seems to be 
Avanling in the manufacturing power, selected as the 
main distinctive character of vegetable life ; or, at 
any rate, that there is no proof that it docs not get 
its protein matter ready made from the potato plant. 

Let us, therefore, take a case which is not open to 
these objections. 

There are some small jdants known to botanists 
as members of the genus Coleochcete, Avhich, without 
being truly parasitic, grow upon certain Avatcr-weeds, 
as lichens grow upon trees. The little plant has the 
form of an elegant green star, the branching arms of 
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wliich are divided into cells. Its greenness is due to 
its chlorophyll, and it undoubtedly has the manufac- 
turing power in full degree, decomposing carbonic 
acid and setting oxygen free, under the influence of 
sunliglit. But the protoplasmic contents of some of tlic 
cells of Avhich the plant is made up occasionally divide, 
by a method similar to that which eftccts the division 
of the contents of the Peronospom spore; and the 
severed portions arc then set free as active monad-like 
zoospores. Ea(‘h is oval and is provided at one 
('xlremity with two long active cilia. Propelled by 
these, it swims about for a longer or shorter time, but 
at length comes to a slate of rest and gradually grows 
into a ColeocluHe, Moreover, as in the Peronospom, 
conjugation may take place aiul result in an oospore ; 
the (contents of which di\ide and arc set free as 
monadiform germs. 

If the whole history of the zoospores of Perono- 
spora and of Coleocliwte were unknown, they would 
undoubtedly be classed among “ j\Ionads with the 
same right as Iletcromita ; wliy then may not 
lleteromita be a plant, even though tlic cycle of 
forms through which it passes shows no terms quite 
so complex as those which occur in Peronosjiora and 
Cokochwte? And, in fact, there are some green 
organisms, in every respect characteristically plants, 
such as Chlcmydomonas, and the common Volvox, or 
so-called ‘‘Globe animalcule,” which run through a 
cycle of forms of just the same simple character as 
those of Heteromita. 

The name of Chlamydonionas is applied to certain 
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microscopic green bodies, each of which consists of a 
protoplasmic central substance invested by a struc- 
tureless sac. The latter contains cellulose, as in ordi- 
nary jdants ; and the chlorophyll which gives the green 
colour enables the Chlamydomonas to decompose car- 
bonic acid and fix carbon as they do. Two long cilia 
protrude through the cell- wall, and efiect the rapid 
locomotion of this monad, which, in all re.s])ccls 
except its mobility, is characteiistically a plant. 
Under ordinary circumstances, the Cldamydo)nonas 
multiplies by simple fission, each splitting into two ej* 
into four parts, which se])arat(5 and become independent 
organisms. Sometimes, however, the Chlcain/domoiias 
divides into eight parts, each of which is provideil 
with four instead of fwo cilia. These ^‘zoospores” 
conjugate in pairs, and give rise to (pii(iS(ieat bodies, 
which niulti[)ly l)y division, and eventually pass into 
the active state. 

Thus, so far as outward form and the general 
character of the cycle of modifications, through whicli 
the organism passes in the course of its life, are con- 
cerned, the resemblance between Chlamydomonas and 
Ileteromita is of the closest description. And on the 
face of the matter there is no ground for refusing to 
admit that Ileteromita may be related to Chlarnydo- 
Quonas, as the colourless fungus is to the green alga. 
Volvox may be compared to a hollow sphere, the 
wall of which is made up of coherent Chlamydo- 
monads ; and which progresses with a rotating motion 
effected by the paddling of the multitudinous pairs of 
cilia which project from its surface. Each Volvox- 
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monad, moreover, possesses a red pigment spot, like 
tlie simplest form of eye known among animals. 
The methods of fissivc multiplication and of con- 
jugation observed in the monads of this locomotive 
globe arc essentially similar to those ol)served in 
Glilamydomonas ; and, thougl) a hard battle has been 
fouglit over it, Volvox is now finally surrendered to 
the Botanists. 

Thus there is really no reason why ITderomita 
may not be ii plant ; a-nd this conclusion would be 
very satisfactory, if it were not ecjually easy to show 
that there is really no reason why it should not be an 
animal. J^'or there hv numerous organisms presenting 
the (dosest resemblance to Hctemnita, and, like it, 
grouped under the general nanle of “ Monads,’^ whicli, 
iKivertlieless, ca,n be observed to takci in solid mitri- 
meiil, and wliich, therefore, have a virtual, if not an 
actual, inouth and digestive cavity, and thus come 
under Cuviers definition of an animal. Numerous 
forms of such animals have been described by Ehren- 
berg, Dujardin, 11. James Clark, and other writers on 
the Infusoria, Indeed, in another infusion of hay 
in which my lleteromita lens occurred, there were 
iunumerable infusorial animalcules belonging to the 
well-known species Colpoda ciicullus.^ 

Full-sized specimens of this animalcule attain a 
length of between or of an inch, so that it 
may have ten times the length and a thousand times 
the mass of a lleteromita. In shape, it is not alto- 

^ ExcelleiUly described Ly Stein, almoyt all of whose statements I 
have verifietl. 
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getlier unlike Heteromitcu The small end, however, 
is not produced into one long ciliuni, but the general 
surface of the body is covered with small actively 
vibrating ciliary organs, Avhich are only longest at the 
small end. At the point which answers to that from 
which the tw^o cilia arise in Ileteromita, there is a 
conical depression, the moutli ; and, in young speci- 
mens, a tapering filament, which reminds one of tlie 
posterior cilium of llcterj^nita, projects from this 
region. 

The body consists of a soft granular pi‘o topi asm ic 
substance, the middle of which is oemipied by a large 
oval mass called the ‘'nucleus;^' while, at its hinder 
end, is a contractile vacuole,’’ conspicuous by ils 
regular rhythmic apj'>earances and disappearances. 
Obviously, although the Colpoda is not a monad, il 
differs from one only in subordinate details. More- 
over, under certain conditions, it becomes cpfiesccmt, 
incloses itself in a delicate case or cyst^ and then divides 
into two, four, or more ])Ortions, which are eventually 
set free and swim about as active Colpodw. 

But this creature is an unmistakable animal, and 
full-sized Colpodw may be fed as easily as one feeds 
chickens. It is only needful to diffuse very finely 
ground carmine through the water in which they live, 
and, in a very short time, the bodies of the Colpodiu 
are stuffed with the deeply-coloured granules of the 
pigment. 

And if this were not sufficient evidence of the 
animality of Colpoda, there comes the fact that it is 
even more similar to another well-known animalcule, 
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Paramcecium, than it is to a monad. But Paramce- 
vium is so huge a creature compared with those 
hitlicrto discussed — it reaches of an inch or more 

ill length — that there is no difficulty in making out 
its organisation in detail ; and in proving that it is 
not only an animal, but that it is an animal which 
possesses a somewhat complicated organisation. For 
example, the surface layer of its body is different in 
structure from the deeper parts. There are two con- 
tractile vacuoles, from each of which radiates a system 
of vessel-like canals ; and not only is there a conical 
depression continuous with a tube, which serve as 
nioiidi and gullet, but the food ingested takes a 
definite course, and refuse is rejected from a definite 
region. Nothing is easier than to feed these animals, 
and to watcli tlie jiarticlcs of indigo or carmine accu- 
mulate at the lower end of the gullet. From this 
tliey gradually project, surrounded by a ball of water, 
wliich at lengtli passes with a jerk, oddly simulating 
a gulp, into the pulpy central substance of the body, 
there to circulate up one side and down tlie other, 
until its contents arc digested and assimilated. Never- 
theless, this complex animal multiplies by division, as 
the monad does, and, like the monad, undergoes con- 
jugation. It stands in the same relation to lletero- 
uita on the animal side, as Coleochcete does on the 
plant side. Start from either, and such an insensible 
scries of gradations leads to the monad that it is 
impossible to say at any stage of the progress — here 
the line between the animal and the plant must be 
ffi'awn. 


N 
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There is reason to think that certain organisms 
which pass through a monad stage of existence, such 
as the MyxoimjccteSy are, at one time of their lives, 
dependent ii[)on external sources for their protein 
matter, or are animals ; and, at anotlier period, manu- 
facture it, or are plants. And seeing that the whole 
progress of modern investigation is in favour of tlic 
doctrine of continuity, it is a fair and probabh' 
speculation — though only a speculation — that, as 
there are some plants which can manufacture protein 
out of such apparently intractable mineral matters as 
carbonic acid, water, nitrate of ammonia, metallic and 
earthy salts ; while others need to be sup[)lied with 
their carbon and nitrogen in tlie somewhat less raw 
form of tartrate of ammonia and allied compounds ; 
so there may be yet others, as is possibly the case witli 
the true parasitic plants, which can only manage to 
put together materials still better prepared — still more 
nearly a})proximated to protein — until we arrive at 
such oi'ganisms as the Psorospermioi and the Pan- 
histophyton, which are as much animal as vegetable 
in structure, but arc animal in their uependcnce on 
other organisms for their food. 

The singular circumstance observed by Meyer, 
that the Torula of yeast, though an indubitabh'- 
plant, still flourishes most vigorously when supplied 
with the complex nitrogenous substance, pepsin ; the 
probability that the Peronospora is nourished directly 
by the protoplasm of the potato-plant ; and the won- 
derful facts which have recently been brought to light 
respecting insectivorous plants, all favour this view ; 
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and tend to the conclusion that the difference between 
animal and plant is one of degree rather than of kind ; 
and that the problem whether, in a given case, an 
organism is an animal or a plant, may be essentially 
insoluble. 
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VIII. 

ON CERTAIN ERRORS RESPECTING THE 
STRUCTURE OF THE HEART ATTRI- 
BUTED TO ARISTOTLE. 

In all the commentaries upon the ‘‘ Historia Aiii- 
malium ” which 1 have met with, Aristotle’s cxpri'ss 
and repeated statement, that the heart of man and 
the largest animals (contains only three cavities, is 
noted as a remarkable error. Even Cuvier, who Inid 
a great advantage over most of the commentators in 
his familiarity with the sul)jcct of Aristotle’s descrip- 
tion, and whose habitual caution and moderation 
seem to desert him when the opportunity of pane- 
gyrising the philosopher presents itself, is betrayed 
into something like a sneer on this topic. 

“ Du rcste il n’attribuc cct orgnne quo trois cavitt's, orrciir 
qui prouve au moins qu’il cii avait regards la structure.”^ 

To which remark, what follows will, I tliiidv, 
justify the reply, that it “ prouve au moins ” that 
Cuvier had not given ordinary attention, to say 
nothing of the careful study which they deserve, to 
sundry passages in the first and the third books of the 
“ Historia ” which I proceed to lay before the reader. 

^ ‘^Histoirc dc.s Sciences Nuturelles,” i. p. 152. 
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For convenience of reference these passages are 
marked A, B, (7, etc.^ 

Book i. 17. — {A) “The heart has three cavities, it lies above 
tlic lung on the division of the windpipe, and has a fatty and 
tluck membrane where it is united with the great vein and the 
aorta. Tt lies upon the aorta, with its point down the chest, in 
all animals that have a chest. In all, alike in those that have a 
chest and in those tliat liave none, the foremost part of it is the 
apex. This is often overlooked through the turning upside down 
of th{‘. dissection. The rounded end of the heart is uppermost, 
the ])ointed end of it is largely Heshy and thick, and in its 
cavili(‘s there are tendons. In other animals which have a chest 
the heart lies in the middle of the cliest ; in men, more to the 
h'ft side, between the nipples, a little inclined to the left nipple 
ill the upp(‘r iiart of the chest. Tlie heart is not large, and its 
gi'iieral form is not elongated but rounded, except that the apex 
is produced into a jioint. 

(1)) “ It has, as ali‘(‘ady stated, three cavities, the largest of 
them is on the right, the smallest on the loft, the middle-sized 
one in the middle j they havt‘. all, also the two small ones, pass- 
ages (rirpijiikva^ towards tin; lung, very evidently as respects 
DIM' of the cavities. In the region of the union [with the great 
vein and the aorta] the largi'st cavity is connected with the 
largest vein (near which is the mesentery) ; the middle cavity 
with the aorta. 

{V) “Canals (tto'poi) from the heart pass to the lung and 
divide in the same fashion as the windpipe does, closely accom- 
])aiiying those from the windpipe through the whole lung. The 
c.anals from the heart are uppermost. 

(D) “No canal is common [to the branches of the windpipe 
and those of the vein] (oi’Sct? 8’ la-rl kolvos Trdpo?) but through 


^ The text I have followed is that given by Auhert and Wiinnier, 
“ Aristoteles Tliierkunde ; kritisch berichtigter Text mit deiitschen 
Ucliersetzung hut I liave liied liere and them to bring the English 
vi'i^ion rather closer to the original than the German translation, e.x- 
^tdleiit as it is, seems to me to he. 
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tliose parts of them which are in contact (ti]v o-vra^iv) the 
air passes in and they [the ropot] carry it to the heart. 

(A') “ One of the canals leads to the right cavity, the other 
to the loft.” 

(F) “ Of all the viscera, the heart alone contains blood [in 
itself]. The lung contains blood, not in itself but in the vein.s, 
the heart in itself ; for in each of the cavities there is blood ; 
the thinnest is in the middle cavity.” 

Book iii. 3.— ((?) “Two veins lie in the thorax alongside the 
spine, on its inncT face ; the larger more forwards, the smaller 
behind ; the larger more to the right, the smaller, which some 
call aorta (on account of the tendinous part of it seen in dead 
bodies), to the left. The.se take their origin from the heart ; 
they pass entire, preserving the nature of veins, through th(‘ 
other viscera that they reach ; while the heart is rather a part 
of them, and more especially of the anterior and larger one, 
which is continued into veins above and below, while between 
these is the heart. •• 

{II) “All hearts contain cavities, but, in those of very small 
animals, tlu' largest [cavity] is hardly visible, those of middling 
size have another, and the biggest all three. 

(/) “ The point of the heart is directed forwards, as was men- 
tioned at first ; the largest cavity to the right and upper side of 
it, the smallest to the left, and the middle-sized one between 
these ; both of these are much smaller than the largest. 

(K) “ They are all connected by passages {(rvvrhprjVTaL) with 
the lung, but, on account of the smallness of the canals, this is 
obscure except in one. 

(A) “ The great vein proceeds from the largest cavity which 
lies upwards and to the right ; next through the hollow middle 
part (8 La Tou KoiXov Tov futTov) it becomcs vein again, this cavity 
being a part of the vein in which the blood stagnates. 

(JIf) “ The aorta [proceeds from] the middle [cavity], but not 
in the same way, for it is connected [with the middle cavity] by 
a much more narrow tube (a-vpiyya), 

(N) “ The [great] vein extends through the heart, towards 
the aorta from the heart. 

(O) “The great vein is membranous like skin, the aorta 
narrower than it and very tendinous, and as it extends towards 
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tlio head and the lower parts it becomes narrow and altogether 
tendinous. 

(/) In the first place, a part of the great vein extends 
upwards fiom the heart towards the lung and the attachment of 
the aorta, the vein being large and undivided. It divides into 
two parts, the one to the lung, the other to the spine and the 
lowest vertebra of the neck. 

(Q) “ Th(i vein which extends to the lung first divides into 
two parts for the two halves of it and tlnui extends alongside 
each tuljc {<rvpiyya) and each passage (r/iij/ia), the larger beside 
the larger and the smaller beside the smaller, so that no part 
[of th(^ lung] can be found from which a passage (Tpf//m) and a 
vein are absent. The terminations are invisible on account of 
their minuteness, but the whole lung aiipears full of blood. The 
canals trorn the vein lie above the tubes given off from the 
win(l])ipe.” 

llic key to tlie whole of tlie foregoing description 
of tlio lieart lies in the passages {(J) and {L), They 
prove tliat Aristotle, like (Jalcn, five hundred years 
afterwards, and like the great majority of the old 
(a’ei'k anatomists, did not reckon what we call the 
light auricle as a constituent of the heart at all, but 
as a hollow part, or dilatation, of the groat vein.” 
Aristotle is cariTul to state that his observations were 
conducted on suffocated animals; and if any one will 
lay open the thorax of a dog or a rabbit, which has 
been killed with cliloroform, in such a manner as to 
avoid wounding any important vessel, he will at once 
*'^ee why Aristotle adopted this view. 

ior, as the subjoined figure (p. 185) shows, the 
cava inferior (5), the right auricle (72.a.), and 
the vena cava superior and innominate vein 
distended with blood seem to form one continuous 
^‘olumn, to which the heart is attached as a sort 
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of appendage. This column is, as Aristotle says, 
vein above (a) and vein below (&), tlic upper and 
the lower divisions being connected Bta toO koIXov toO 
fiiaov — or by means of the intervening cavity or 
cliamber {R.a .) — wliich is that wliich we call the 
right auricle. 

But when, from the four cavities of the heart 
recognised by us moderns, one is excluded, there 
remain three — which is just what Aristotle says. 
The solution of tlie difficulty is, in fact, as absurdly 
simple as that presented by the egg of Columlnis; 
and any error there may be, is not to be put down to 
Aristotle, but to that inability to comprehend that the, 
same fact may be accurately described in diflerent 
ways, which is the special characteristic of the coin- 
mcntatorial mind. That the three cavities montioiK'd 
by Aristotle are just those which remain if the rigid, 
auricle is omitted, is plain enough from vvdiat is said 
in (/i), (C), (A’), (/), and {L). For, in a sullbcated 
animal, the right cavity ” which is directly con- 
nected Avith the great vein, and is obviously the right 
ventricle, being distended with blood, will look much 
larger than the middle cavity, Avhich, since it gives 
rise to the aorta, can only be the left ventricle. An<l 
this, again, Avill appear larger than the thin and 
collapsed left auricle, which must be Aristotle's left 
cavity, inasmuch as this cavity is said to be con- 
nected by TTopoL with the lung. The reason why 
Aristotle considered the left auri(de to be a part of 
the heart, Avhile he merged the light auricle in the 
great vein, is, obviously, the small relative size of the 



vm.] KRllORS ATTRIBUTED TO ARISTOTLE. 


185 


a 



A (]og having hoeii killed l»y chloroform, enough of the right wall of 
the thorax was rornoved, without any notahio bleeding, to ox])oac the 
thoracic viscera. A carefully measured outline sketch of the parts in situ 
was then made, and on <lisscction, twenty-four hours afterwards, the 
necessary anatomical details were a<lded. The woodcut is a faithfully 
reduced copy of the drawing thus const ructed ; and it represents the 
relations of the liearl and great vessels as Aristotle saw them in a suffocated 
animal. 

All but the inner lobe of the right lung has been removed ; as well as the rigid- 
half of the pericardium and the right walls of the right auricle and ventricle. 
It must be remembered that the thin transparent peric.ardial membrane 
appears nothing like so distinct in nature. 

ti.h., Aristotle’s “great vein”; V.L^ right vena innominata and vena cava 
superior; h, the inferior vena cava; A.a., the “hollow midille” ])art of the 
groat vein or the right auricle ; R.v\ the prolongation of the cavity of the 
right ventricle ll.v towards the pulmonary .artery ; fr, one of the tricuspid 
valves ; the peric.ardium ; T.s\\ superior intercostal vein ; Az, vena 
azygos; P.A., right pul mon.ary artery ; right bronchus; L, inner 
lobe of the right lung; f/i/, oesophagus; Ao, descending aorta ; IT, liver, in 
section, with hepatic vein, vena porhe, and gall-bladder, g/', separated by 
the diaphragm, also seen in section, from the thoracic cavitv. 
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venous trunks and their sharper demarcation from 
the auricle. Galen, however, perhaps more con- 
sistently, regarded the left auricle also as a mere part 
of the ‘‘ arteria venosa.” The canal which leads from 
the right cavity of the heart to the lung (or, as Aris- 
totle puts it {E), from the lung to the heart) is, without 
doubt, the pulmonary artery. But it may be said 
that, in this case, Aristotle contradicts himself, inas- 
much as in (P) and [Q) a vessel, which is obviously 
the pulmonary artery, is described as a branch of tJu'. 
great vein. However, this difficulty also disappears, 
if we reflect that, in Aristotle’s way of looking at tlic 
matter, the line of demarcation between the great 
vein and the heart coincides with the right auriculo- 
ventricular aperture ; and that, inasmuch as the 
conical prolongation of the right ventricle which 
leads to the pulmonary artery {It.v' in the Figure), lies 
close in front of tlie auricle, its base may very easily 
(as the figure shows) be regarded as part of the 
general opening of the great vein into the right 
ventricle. In fact, it is clear tliat Aristotle, having 
failed to notice the valves of the heart, did not dis- 
tinguish the part of the right ventricle from which 
the pulmonary artery arises [R.v') from the proper 
trunk of the artery on the one hand, and from the 
right auricle (It.a) on the other. Thus the root, as 
we may call it, of the pulmonary artery and the right 
auricle, taken together, are spoken of as the “ part of 
the great vein which extends upwards” (P ) ; and, as 
the vena azygos [Az) was one branch of this, so the 
“ vein to the lung ” was regarded as another branch of 
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it. But the latter branch, being given oif close to 
the connection of the great vein with the ventricle, 
was also counted as one of the two TropoL by which the 
“lieart"' (that is to say the right ventricle, the left 
ventricle, and the left auricle of our nomenclature) 
communicates with the lung. 

The only other difficulty that I observe is con- 
nected with (K), If Aristotle intended by this to 
affirm that the middle cavity (the left ventricle), like 
tlie other two, is directly connected with the lung by 
a 7ro/)09, he would be in error. But he has excluded 
this interpretation of his words by {E), in which the 
number and relations of the canals, the existence of 
which lie admits, are distinctly defined. I can only 
imagine then, that, so far as this passage applies to 
the left ventricle, it merely refers to the indirect 
communication of that cavity with the vessels of the 
lungs, through the left auricle. 

On this evidence I submit that there is no escape 
from the conclusion that, instead of having committed 
a gross blunder, Aristotle has given a description of 
the heart which, so far as it goes, is remarkably 
accurate. He is in error only in regard to the 
differences which he imagines to exist between large 
and small hearts {II). 

Cuvier (who has been followed by other comment- 
ators) ascribes another error to Aristotle : — 

“ Aristote suppose que la trach^e-artfero so prolongo jusqu'au 
cocur, et semblo croire, en consequence, que fair y penetro (/. c. 
p. 152).” 

Upon what foundation Cuvier rested the first of 
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these two assertions, I am at a loss to divine. As a 
matter of fact, it will appear from the following 
excerpts that Aristotle gives an account of the 
structure of the lungs which is almost as good as that 
of the heart, and that it contains nothing about any 
prolongation of the windpipe to the heart. 

“Within the neck lie what is called the (nsophagiis (so 
named on account of its length and its narrowness) and the 
windpipe (apTi]pla). The position of the windpipe in all animals 
that have one, is in front of the oesophagus. All animals whicli 
possess a lung have a windpipe. The windpipe is of a cartila- 
ginous nature and is exsanguine, but is surrounded by many 
little veins. . . . 

“ Jt goes downwards towards the middle of the lung, and 
then divides for eacli of the halves of the lung. In all animals 
that possess one, the lung is divided into two parts ; but, in 
those which bring forth their young alive, the separation is not 
equally well marked, least of all in man. 

“ In oviparous animals, such as birds, and in quadrupeds 
which are oviparous, the one half of the lung is widely separated 
from the other ; so that it appears as if they had two lungs. 
And from being single, the windpipe becomes (divided into) 
two, which extend to each half of the lung. It is fastened to 
the great vein, and to what is called the aorta. When the 
windpipe is blown up, the air passes into the hollow parts of the 
lung. In these, are cartilaginous tubes (8f.a(/)uo-cis) which unite 
at an angle ; from the tubes passages (rprJ/JiaTa) traverse the 
whole of the lung ; they arc continually given off, the smaller 
from the larger.” (Book i. 1 G.) 

That Aristotle should speak of the lung as a single 
organ divided into two halves, and should say that 
tlic division is least marked in man, is puzzling at 
first; but the statement becomes intelligible, if we 
reflect upon the close union of the bronchi, the 
pulmonary vessels and the mediastinal walls of tlic 
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pleurie, in mammals;^ and it is quite true that the 
lungs are much more obviously distinct from one 
another in birds. 

Aubert and Wimmcr translate the last paragraph 
of the passage just cited as follows : — 

“ Diese haben aber knorpelige Scheidewande, wolclio unter 
spitzen Winkelii zusammcntreteii, und aus ihnen fulireii Oeflf- 
nungen durcli die gauze Lunge, indcm sie sich in immer kleme- 
ren verzweigen.” 

Imt I cannot think that by and rpijfiaraj 

in this passage, Aristotle meant cither partitions ” or 
openings in the ordinary sense of the latter word. 
For, in Book iii. (lap. 3, in describing the distribution 
of the vein which goi's to the lung (the pulmonary 
artery), he says that it 

“ exUiiids alongside eacli tube ((rvfuyya) and each passage 
(Tp?jfxa), the larger beside the larger, and the smalhu’ beside the 
smaller ; so that no part (of the lung) can be found from wliich 
a passage (rp^J/Aa) and a vein arc absent.” 

Moreover, in Book i. 17, he says — 

“ Canals (Tropot) from the heart pass to the lung and divide 
in the same fashion as the windpipe does, closely accompanying 
those from the windpipe through the whole lung.” 

And again in Book L 17 — 

“ It (the lung) is entirely spongy, and alongside of each tube 
(tn'piyya) run caiials (TTopoi) from the great vein.” 

On comparing the last three statements with the 
facts of the case, it is plain that by <Tx)piyye<i, or tubes, 
Aristotle means the bronchi and so many of their 

^ In modern works on Veterinary Anatomy the lungs are sonieliines 
descriLe<l as two lobes of a single organ. 
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larger divisions as obviously contain cartilages ; and 
that by he denotes the same 

things ; and, if this be so, then the rpT^^iara must be 
the smaller bronchial canals, in which the cartilages 
disappear. 

This view of the structure of the lung is perfectly 
correct so far as it extends ; and, bearing it in mind, 
we shall be in a position to understand what Aristotle 
thought about the passage of air from the lungs into 
the heart. In every part of the lung, he says, in 
effect, there is an air tube which is derived from tlie 
trachea, and other tubes which arc derived from the 
TTopot wliich connect the lung with the heart (su 2 >r(l, C). 
Their applied walls constitute the thin ‘‘synapses” 

(Tvvayjnv) through w4iich the air passes out of the 
air tubes into the Tropoi, or blood-vessels, by transuda- 
tion or diffusion ; for there is no community between 
the cavities of the air tubes and cavities of the canals ; 
that is to say, no opening from one into the other 
{mprd, D), 

On the words “ koivo<; iropo^ Aubert and Wimmer 
remark (?. c. p. 239), “Da A. die Ansicht hat die 
Lungenluft wurde dem Herzen zugefuhrt, so postulirt 
er statt vieler kleiner Verbindungen einen grosscii 
Verbindungsgang zwischen Lunge und Herz.” 

But does Aristotle make this assumption? The 
only evidence so far as I know in favour of the affir- 
mative answer to this question is the following 
passage : — 

“ 2vv^pT€Tat Si Kal 7] KapSia Ty dpTrjpt^ TTipikioSiCTL Kal 
SpioSiCTL Kal Ivij^iori Setr/xots’ y St (XVViipTiTaLy koiAui' iirTiv. <l)var(op€vri^ 
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St T^s a/)T»//oias {ilv cviots (V ov KaraSr^kov Trotct, ci' Sc rots /Atifoo-t 
tmv ^(^(dv SijXov oTi cfc(r6p;(CTat to irv€Vfia €l<s avTi)V*' (i. cap. 16 ). 

“ The heart and the windpipe are connected by fatty and 
cartilaginous and fibrous bands ; where they are connected it is 
hollow. Blowing into the windpipe does not show clearly in 
some animals, but in the larger animals it is clear that the air 
goes into it.” 

Aubert and Winimer give a somewhat different 
rendering of this passage : — 

“ Auch das Herz hangt mit der Luftrbhre durch fettreiche, 
knorpelige uiid faserige Biinder zusammen ; und da, wo sie 
zusammenhangen, ist eine Ilohlung. Beim Aufblasen der Lunge 
wird es bei manchen Thicren nicht wahrnehmbar, bci den 
greisseren aber ist cs offciibar, dass die Luft in das Ilerz gelangt.” 

The sense here turns upon the signification which 
is to be ascriljcd to ek avrijv. But if these words 
refer to the heart, then Aristotle has distinctly pointed 
out the road which the air, in his opinion, takes, 
namely, through the “ synapses (D) ; and there is no 
reason that I can discover to believe that he postu- 
lated ” any other and more direct communication. 

With respect to the meaning of koIXov eVrtv, Aubert 
and Wimmer observe : — 

“ Dies scheint wohl die kurze Lungenvenc zu sein. Schneider 
bezielit dies auf die Vorkammern, allein dicso werden unten als 
lliihlen des Herzens beschrieben.” 

I am disposed to think, on the contrary, that the 
words refer simply to the cavity of the pericardium. 
For a part of this cavity {sinus transversus pericardii) 
lies between the aorta, on the one hand, and the 
pulmonary vessels with the bifurcation of the trachea, 
on the other hand, and is much more conspicuous in 
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some animals than in man. It is strictly correct, 
therefore, in Aristotle^s words, to say that where tlie 
heart and the windpipe are connected it is hollow.” 
If he had meant to speak of one of the pulmonary 
veins, or of any of the cavities of the heart, he would 
have used the terms iropoL or /cotXta? which he always 
employs for these parts. 

According to Aristotle, then, the air taken into 
the lungs passes, from the final ramifications of the 
bronchial tubes into the corresponding branches of 
the pulmonary blood-vessels, not througli ojx'iiings, 
but by transudation, or, as we sliould nowadays say, 
diffusion, tlirougli the tliiii })artitions foimcd by Uk* 
applied coats of the two sets of canals. Jhit tln‘ 
‘‘pneuma” wliich tlius reached the interior of tli(‘ 
blood-vessels was not, in Aristotle’s opinion, exactly 
the same thing as the air. It was “ d)]p ttoXu? picov kuI 
ddp6o<;” (“l)c Mundo,” iv. 9) — subtilised and con- 
densed air; and it is hard to make out whether 
Aristotle considered it to possess the pliysical pro- 
perties of an elastic fluid or those of a liquid. As he 
affirms that all the cavities of tlie luairt contain blood 
{F)j it is clear that he did not hold the erroneous view 
propounded in the next generation by Erasistratus. 
On the other hand, the fact that he supposes that the 
spermatic arteries do not contain blood but only an 
aifiaTd)B7]<i vypov ('‘Hist. Animalium,” iii. l), shows 
that his notions respecting the contents of the arteries 
were vague. Nor does he seem to have known that 
the pulse is characteristic only of the arteries ; and as 
he thought that the arteries end in solid fibrous bands, 
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lie naturally could not have entertained the faintest 
conception of the true motion of the blood. But, 
v’ithout attempting to read into Aristotle modern 
conceptions which never entered his mind, it is only 
just to observe that his view of what becomes of the 
air taken into the lungs is by no means worthy of 
contempt as a gross error. On the contrary, liere, as 
in the case of liis anatomy of the heart, what Aristotle 
asserts is true as far as it goes. Something docs aetuaby 
pass from tlui air contained in tlie lungs through the 
coats of the vessels into the blood, and tlumcc to the 
lieart ; to wit, oxygen. And I think that it speaks very 
well for ancient Greek science that tlie investigator of so 
ditHcult a pliysiological problem as that of respiration, 
sliould have arrived at a conclusion, tlie statement of 
which, after the lapse of more than two thousand 
years, can be accepted as a thoroughly established 
scientific truth. 

I trust that the case in favour of removing the 
statements about the heart, from the list of the “ errors 
of Aristotle/' is now clear; and that the evidence 
proves, on tlie contrary, that they justify us in forming 
a very favourable estimate of the oldest anatomical 
investigations among the Greeks of which any sufficient 
record remains. 

But is Aristotle to be credited with the merit of 
having ascertained so much of the truth? This 
‘luestion will not appear superfluous to those who are 
acquainted with the extraordinary history of Aristotle's 
Works, or who adopt the conclusion of Aubert and 
Wimincr, that, of the ten books of the “ Historia 
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Animalium ” which have come down to us, tlirec arc 
largely or entirely spurious, and that the others contain 
many interpolations by later writers. 

It so happens, however, that, ajiart from otlier 
reasons, tlicre are satisfactory internal grounds for 
asdibing the account of tlic lieart to a writer of tlic 
time at which Aristotle lived. For, witliin tliirty 
years of his death, the anatomists of the Alexandrian 
school liad thoroughly investigated the structure and 
tlie functions of the valves of tlie heart. During this 
time, the manuscripts of Aristotle were in tlic posses- 
sion of Theophrastus; and no interpolator of later 
date would have shown that he was ignorant of tlu; 
nature and significance of these important structiuvs, 
))y the brief and obscure allusion — in its cavities 
tliere are tendons'' (/I). On the other hand, Poly bus, 
whose account of the vascular system is quoted in the 
“llistoria Animalium" was an elder contemporary of 
Aristotle, lienee, if any part of the work faithfully 
represents that which Aristotle taught, we may safely 
conclude that the description of the heart does S(‘. 
Having granted this much, however, it is another 
question, whether Aristotle is to l)e regarded as the 
first discoverer of the facts which he has so well stated, 
or whether he, like other men, was the intellectiud 
child of his time and simply carried on a step or two 
the work which had been commenced by others. 

On the subject of Aristotle's significance as an 
oi-iginal worker in biology extraordinailly divergent 
views have been put forward. If we arc to adopt 
Cuvier's estimate, Aristotle was simply a miracle 
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Avant Aristotc la pliilosophie, cnti^reinent spiiculative, se 
perdaifc dans les abstractions dc'^pourviios de fondeinciit ; la science 
n’cxistait pas. II scinblo qu’elle soit sortie toiitci faitii du cc'rveaii 
d'Aristotc comme Alincrve, toute armeo, du cerveau de Jupiter. 
Sold, oil cflet, sans antecedents, sans ri(“n enipriniter anx siecles 
qiii I’avaient pr6c6d6, puisrpi’ils n’avaient rien produit de solid(‘, 
l(i disciple de Platon decouvrit et d6iuontra plus de verites, 
executa plus dc; travaux scientifiques en un vie dt; soixante-deiix 
ans, qu’a]}res lui vingt .siecles non out pu faiiv,”^ etc. etc. 

“Aristot(5 est le prenii<T qui ait intrudiiit la miHliode de 
riiidiiction, de la coin])arais()n des observations ])our on faire 
Kortir <l(‘s ide(‘s ^n'uei'ales, et cello de l’(‘xperience pour inuUi])lier 
les faits dont ces idees generab's peuveiit etre deduites.” — ii. p. 
515 . 

The late Mr. G. H. L(‘\vcs,“ on the contrary, tells 
us “ oil a superficial examination, thoivfore, he 
I Aristotle] will seem to liave^ <yiven tolerahle de- 
s(‘riptions ; especially if a])proached with that dis- 
])()si(ion to discover marvels vliieh luiconsciously 
(hdi'rmines us in our study of eminent writers. 
Ihit a more unbiassed and imjnirtial criticism will 
disclose that he has given no single anatomical 
description of the least value. All that he knew 
may have been known, and probably was known, 
without dissection. ... 1 do not assert that he 
never opened an animal ; on the contrary it seems 
liighly probable that he had opened many. ... lie 
never followed the ('ourse of a vessel or a nerve; 
nev(T laid bare the origin and insertion of a muscle; 
never discriminated the component parts of organs ; 
never madij clear to himself the connection of organs 
into systems.’' — (jip. 15G-7.) 

‘ “IJistoirL' dcs Sciences Niiturelles.” — t. i. p. 130. 

^ “ Ari.stotlo, a Oliapter from the Hi.story ot Science. 
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In the face of the description of the heart and 
lungs, just quoted, I think we may venture to say 
that no one who lias acquired even an elementary 
practical acquaintance with anatomy, and knows of 
his own knowledge that which Aristotle describes, 
will agree with the opinion expressed by Mr. Lewes ; 
and those who turn to the accounts of tlie structure 
of tlic rock lobster and the common lobster, or to that 
of the Cephalopods and other ]\[ollusks, in tlic fourtli 
book of the “Ilistoria Animalium'’ will probaldy fec'l 
inclined to object to it still more strongly. 

On the other hand, Cuvier s exaggerated panegyric, 
will as little bear the test of cool discussion. In 
Greece, the century before Aristotle's birth was a 
period of great intellectual activity, in the field of 
jdiysical science no less than elsewhere. The method 
of induction has never been used to better effect than 
by Hippocrates; and the labours of such men as 
Alkmeon, Demokritus, and Polybus, among Aristotl(.‘'s 
predecessors ; Diokles, and Praxagoras, among his con- 
temporaries, laid a solid foundation for the scientific 
study of anatomy and development, independently 
of his labours. Aristotle himself informs us that the 
dissection of animals was commonly practised ; that 
the aorta had been distinguished from the great vein ; 
and that the connection of both witli tlic heart had 
been observed by his predecessors. What they thought 
about the struedure of the heart itself or that of the 
lungs, he docs not tell us, and we have no means of 
knowing. So far from arrogantly suggesting that ho 
owed nothing to his predecessors, Aristotle is careful 
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to refer to tlieir observations, and to explain Avliy, 
in his judgment, they fell into the errors which he 
corrects. 

Aristotle’s knowledge, in fact, appears to have 
•stood in the same relation to that of such men as 
Polybus and Diogenes of Apollonia, as that of 
llerophilus and Erasistratus did to his own, so far 
as the heart is concerned. He carried science a step 
beyond the point at which he found it; a meritorious, 
but not a miraculous, achievement. What he did, 
required the possession of very good powers of 
observation ; if they had been powers of the highest 
(ilass, he could hardly have left such conspicuous 
objects as the valves of the heart to be discovered 
by liis successors. 

7\nd this leads me to make a final remark upon a 
singular feature of the Historia Animalium.” As a 
whole, it is a most notable production, full of accurate 
information, and of extremely acute generalisations of 
the observations accumulated by naturalists up to 
that time. And yet, every here and there, one 
stumbles upon assertions respecting matters which lie 
Avithin the scope of the commonest inspection, which 
are not so much to be called errors, as stupidities. 
AVhat is to be made of the statement that the sutures 
of women’s skulls are different from those of men ; 
that men and sundry male animals have more tcetli 
than their respective females ; that the back of the 
skull is empty ; and so on ? It is simply incredible 
to me, that the Aristotle who wrote the account of the 
heart, also committed himself to absurdities Avhich 
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can be excused by no theoretical prepossession and 
whicli are contradicted by the plainest observation. 

What, after all, w(‘re the original manuscripts of 
the “ Ilistoria Aiiimalium ? If they were notes of 
Aristotle's lectures taken by some of his students, any 
lecturer who has chanced to look tlirough such notes, 
would find the interspersion of a foundation of general 
and sometimes minute accuracy, with patches of 
transcendent blundering, perfectly intelligible. Some 
competent Greek scholar may perhaps think it worth 
while to tell us what may be said for or against 
the hypothesis thus hinted. One obvious difficulty 
in the way of adopting it is the fact that, in oth(‘r 
works, Aristotle refers to the ‘‘Ilistoria Animalium" 
as if it had already been made })ublic by himself. 
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IX. 

ON THE HYrOTHESIS THAT ANIMALS ARE 
AUTOMATA, AND ITS HISTORY. 

The first luilf of the seventeenth centiny is one of tlie 
groat epochs of biological science. For though sug- 
gostions and indications of the conceptions which 
took definite sliapc, at that time, are to be met with 
in works of earlier date, they are little more than the 
shadows which coming truth casts forward; men's 
knowledge was neither extensive enough, nor exact 
oiiongh, to show them the solid body of fact which 
threw these shadows. 

Ihit, in (he seventeenth century, the idea that the 
physical processes of life are capable of being ex- 
pliiined in the same way as other physical phenomena, 
Mild, therefore, that the living body is a mechanism, 
was proved to be true for certain classes of vital 
actions ; and, having thus taken firm root in irrefrag- 
able fact, this conception has not only successfully 
I'cpelled every assault which has been made upon it, 
but has steadily grown in force and extent of ap- 
plication, until it is now the expressed or implied 
fundamental proposition of the whole doctrine of 
scientific Physiology. 
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If we ask to whom mankind arc indebted for this 
^reat service, the general voice will name William 
Harvey. For, by his discovery of the circula tion of the 
blood in the higher animals, by his explanation of the 
nature of the mechanism by Avhich that circulation is 
effected, and by his no less remarkable, thougli less 
known, investigations of the process of development, 
Harvey solidly laid the foundations of all those 
physical explanations of the functions of sustentatioii 
and reproduction which modern physiologists have 
achieved. 

But the living body is not only sustained and 
reproduced : it adjusts itself to external and internal 
chang('s ; it moves and feels. The attempt to ithIucc 
the endless eomplexitu's of animal motion and feeling 
to law and order is, at least, as importa-nt a part of 
the task of the physiologist as the elucidation of wliat 
are sometimes enlled the vegetative processes. Har- 
vey did not make this attempt himself ; but the 
influence of his work upon the man who did make it 
is patent and uncpiest ion able. This man was Bene 
Descartes, who, though by many years Harvey’s 
junior, died before him; and yet, in his short span of 
fifty-four years, took an undisputed place, not only 
among the chiefs of philoso})hy, but amongst tlie 
greatest and most original of mathematicians ; while, 
in my belief, he is no less certainly entitled to the 
rank of a great and original physiologist ; inasmuch as 
he did for the physiology of motion and sensation 
that which Harvey had done for the circulation of 
the blood, and opened up that road to the mechanical 
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theory of these processes, which luas been followed by 
all his successors. 

Desciirtes was no mere speculator, as some would 
have us believe : but a man who knew of his own 
knowledge what was to be known of the facts of 
anatomy and physiology in his day. lie was an 
unwearied dissector and observer ; and it is said, that, 
on a visitor once asking to see his library, Descartes 
led him into a room set aside for dissections, and full 
of specimens under examination. There,^’ said he, is 
my library.'' 

T anticipate a smile of incredulity when I thus 
champion Descartes' claim to be considered a 
pliysiologist of the first rank. I expect to be told 
that I liave naid into his works Avliat I find there, 
and to be asked, Why is it that we are left to dis- 
(‘over Descartes' deserts at this time of day, more 
than two centuries after his death? IIow is it 
that Descartes is utterly ignored in some of the latest 
works wliicli treat expressly of tlie subject in which 
he is said to have been so great ? 

It is much easier to ask such questions than to 
answer them, especially if one desires to be on good 
terms with one's contemporaries ; but, if I must give 
an answer, it is this : The growth of physical science 
is now so prodigiously rapid, tliat those who are 
actively engaged in keeping up with the present, Iiave 
much ado to find time to look at the past, and even 
grow into the habit of neglecting it. But, natural as 
this result may be, it is none the less detrimental. 
The intellect loses, for there is assuredly no more 
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ofiectiial method of clearing up one’s own mind on 
any subject than liy talking it over, so to speak, with 
men of real power and grasp, who have considered it 
from a totally different point of view. The parallax 
of time helps us to the true position of a conception, 
as tlie parallax of space helps us to that of a star. And 
tlie moral nature loses no less. It is well to turn 
aside from the fretful stir of the present and to dwc'll 
witli gratitude and respect upon the services of those' 
‘‘miglity men of old who have gone down to the 
grave with tlicir weapons of war,” but wlio, wliih'. 
tliey yet lived, won splendid victories over ignorama'. 
It is well, again, to re'flect that the fame of I)('scart('s 
filled all Europe, and his authority overshadowed it, 
for a century; while now, most of those wlio know 
his name think of him, either as a person who liad 
some preposterous notions al)out vortices and was 
deservedly anniliilated by the great Sir Isaac Newton ; 
or as the apostle of an essentially vicious method of 
deductive speculatio!i ; and that, nevertheless, neither 
the chatter of shifting opinion, nor the silence of per- 
sonal oblivion, has in the slightest d(‘gree affected 
the growth of the great ideas of which he was the 
instrument and the mouthpiece. 

It is a matter of fact that the greatest pliysiologist 
of tlie eighteenth century, Haller, in treating of the 
functions of nerve, does little more than reproduce 
and enlarge upon the ideas of Descartes. It is a 
matter of fact that David Hartley, in his remarkable 
work the “Essay on Man,” expressly, tliough still 
insufficiently, acknowledges tlie resemblance of his 
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fundamental conceptions to those of Descartes ; and I 
sliall now endeavour to show that a series of proposi- 
tions, which constitute tlie foundation and essence of 
the modern physiology of the nervous system, are 
fully expressed and illustrated in the works of 
Descartes. 

1. The Imun is the on/an of sensation, thought, 
and emotion ; that is to sag, some change in 
the condition of the matter of this organ is the 
invariahie antecedent oj the state of conscious- 
ness to viiich each of these terms is applied. 

In the “ Priiicijies do la riiilo.sophic ” (§ 1G9), 
Descartes says : — ’ 

‘‘ Altliougli the soul is uiiitod to the whole hotly, its principal 
functions are, nevertheless, performed in the hrain; it is hero 
that it not oidy understands and imagines, hut also feels ; and 
this is effected by the intermediation of the nerves, which extend 
in the form of delicate threads from the brain to .all parts of the 
body, to which they arc attached in such a manner, that we can 
hardly touch any part of the body without setting the extremity 
of some nerve in motion. This motion passes along the iktvc to 
th.at part of the brain which is the common sensorium, as I have 
sufficiently explained in my Treatise on Dioptrics ; and the 
movements which thus travel along the nerves, as far as that 
part of the brain with which the soul is closely joined and united, 
cause it, by reason of their diverse characters, to have different 
thoughts. And it is these different thoughts of the soul, whicli 
arise immediately from the movements that are excited by the 
nerves in the brain, which we properly term our feelings, or the 
perceptions of our senses.” 


^ I (piote, here and always. Cousin’s edition of the works of 
Ik'se.arte.s, as most convenient for reference. It is entitled “ QEuvres 
*’‘'iiipl{;tes de Descartes,” publices par Victor Cousin. 1824. 
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Elsewlicrc/ Descartes, in arguing that the scat of 
the passions is not (as many suppose) the heart, but 
the brain, uses the following remarkable language : — 

“ The opinion of those wlio think that the soul receiv(is its 
passions in the heart, is of no weight, for it is based upon tlie 
fact that the passions cause a change to be felt in that organ ; 
and it is easy to see tliat this change is felt, as if it were in tlni 
lieart, only by the intermediation of a little nerve wliich descends 
from the bruin to it ; Just as pain is felt, as if it were in tin? 
foot, by the intermediation of the nerves of the foot ; and the 
stars are perceived, as if they Avere in the heavens, by the inter- 
mediation of their light and of the optic nerves. So that it is no 
more necessary for the soul to exert its functions immediately in 
the heart, to feel its passions there, than it is necessary that it 
should be in the heavens to see. the stars there.” 

This definite allocation of all tlie phenomena of 
consciousness to tlie brain as their organ, was a stej) 
tlie value of which it is difficult for us to ajipraise, so 
completely lias Descartes view incorporated itself witli 
every-day thought and common language. A lunatic 
is said to be ‘‘crack-brained’’ or “touched in the 
head,” a confused thinker is “ muddle-headed,” while 
a clever man is said to have “ plenty of brains but it 
must be remembered that at the end of the last 
century a considerable, though much over-cstimatiHl, 
anatomist, Bichat, so far from having reached the 
level of Descartes, could gravely argue that the appar- 
atuses of organic life are the sole seat of the passions, 
which in no way affect the brain, except so far as it is 
the agent by which the influence of the passions is 
transmitted to the muscles.^ 

’ “ Les Passions de VAmc,” Article xxxiii. 

2 “ Recherchea physiologiques sur la Vie et la Mort.” Par Xav. 
J3ichat. Art. Sixieme. 
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Modern physiology, aided by pathology, easily 
demonstrates that tlic brain is the seat of all forms of 
consciousness, and fully bears out Descartes' explana- 
tion of the reference of those sensations in the viscera 
wliich accompany intense emotion, to these organs. 
It proves, directly, that those states of consciousness 
which we call sensations are the immediate consequent 
of a change in the brain excited by the sensory nerves; 
mid, on the well-known efTects of injurh^s, of stim- 
ulants, and of narcotics, it bases the conclusion that 
tliought and emotion are, in like manner, the conse- 
([ueiits of physical antecedents. 

11. The movements of animals are due to the 
change of form of muscles, which shorten 
and become thicker ; and this change of form 
in a muscle arises fro7n a motion of the sub- 
stance contained within the nerves which go 
to the muscle. 

In the “ Passions de FAmc," Art. vii., Descartes 
writes ; — 

“ ]\Ioreovor, we know that all the movements of the limbs 
•h'pend on the muscles, and that these muscles are opposed to 
one another in such a manner, that when one of them shortens, 
it draws along the part of the body to which it is attached, r.nd 
so gives rise to a simultaneous elongation of the muscle which is 
opposed to it. Then, if it happens, afterwards, that the latter 
shortens, it causes the former to elongate, and draws towards 
itself the j)art to which it is attached. Lastly, we know that all 
these movements of the muscles, as all the senses, depend on the 
nerves, which are like little threads or tubes, which all come from 
the brain, and, like it, contain a certain very subtle air or wind, 
termed the animal spirits.” 
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Tlio property of muscle mentioned by Descartes 
now goes by the general name of contractility, but 
his defiiiition of it remains untouched. The lonrr- 

o 

continued controv(‘i*sy whether contractile sul^stance, 
speaking generally, lias an inherent power of contrac- 
tion, or whetlier it contracts only in virtue of aji 
infliion(;e exerted by nerve, is now settled in Hallers 
favour ; but Descartes' statement of the dependence 
of muscular contraction on nerve holds good for the 
higher forms of muscle, under normal circumstances; 
so that, although the structure of the various luodiii- 
eations of contractile matter lias been worked out 
with astonishing minuteness — although tlui delicate 
physical and chemical clianges whii'h accompany mus- 
cular contraction have been determined to an extent 
of which Descartes could not have dreanu'd, and havi‘- 
quite upset his hypotliesis that the cause of the short- 
ening and thickening of the muscle is the ilow of 
animal spirits into it from the mu’ves — the important 
and fundamental part of Ids statement remains per- 
fectly true. 

The like may be allirmed of what he says about 
iKU’ve. We know now tliat nervi'S are not exactly 
tubes, and that ‘‘animal spirits” are myths; but tin* 
exquisitely refined methods of investigation of Dubois- 
Keymond and of Ilelmholz have no less clearly proved 
that the antecedent of ordinary muscular contraction 
is a motion of the molecules of the nerve croiiK*- to the 

o o 

muscle ; and that this medion is propagated with a 
measurable, and by no means great, velocity, through 
the substance of the nerve towards the muscle. 
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With tlic progress of research, the terra “ animal 
spirits'' gave way to “nervous fluid," and “nervous 
fluid" has now given way to “ molecular motion of 
nerve -substance." Our conceptions of what takes 
place in nerve have altered in the same way as our 
coiuicptions of what takes place in a conducting wire 
Lave altered, since electricity was shown to be not a 
Iluid, but a mode of molecuilar motion. The change 
is of vast importance, but it dues not afFe(;t Descartes' 
fundamental id(‘a, tliat a cliange in the substance of a 
motor nerve })ro})agated towards a muscle is the ordi- 
nary cause of muscular contraction. 

III. The sensations of animals are due to a 
motion of the substance of the nerves u'hich 
connect the sensorf/ organs tvith the brain. 

In La Dioptrique (Discours Quatrieme), Descartes 
explains, moi'c fully than in the passage cited above, 
his hypothesis of the mode of action of sensory 
nerves : — 

“ It is the little threads of which the iinior substance of the 
nerves is composed wliich subserve sensation. You must con- 
ceive that tlicse little threads, being inclosed in tubes, which are 
always distended and kept open by tlie animal spirits which they 
contain, neither press upon nor interfere with one another, and 
arc extcnided from the brain to the extremities of all the mem- 
bers which are sensitive — in such a manner, that the slightest 
touch which excites the part of one of tho members to which a 
tbread is attached, gives rise to a motion of the part of the brain 
V hence it arises, just as by pulling one of tho ends of a stretched 
cord, the other end is instantaneously moved. . . . And we 
luust take care not to imagine that, in order to feel, the soul 
needs to behold certain images sent by the objects of sense to 
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the brain, as our philosophers commonly suppose ; or, at least, 
we must conceive tlicso images to be something quite diffiU'ent 
from what they suppose them to be. For, as all they suppose is 
that these images ought to resemble the objects which they re- 
present, it is impossible for them to show how they can bo 
formed by the objects received by the organs of the^extermil 
senses and transmitted to the brain. And they have had no 
reason for supposing the existence of these images except this ; 
seeing that the mind is readily excited by a picture to conceive 
the object which is depicted, they have thought that it must Ixi 
excited in tlic same way to conceive tliose objects which affect 
our senses by little pictures of them foruKMl in the head ; insti'ad 
of which we ought to recollect that tlu'nj are many things be- 
sides images which may excite the mind, as, for example, signs 
and words, which have not the least resemblance to the objects 
which they signify.” ' 

Modern physiology amends Descartes' conception 
of the mode of actioirof sensory nerves in detail, l)y 
showing that their structure is the same as that ol 
motor nerves ; and that the changes which take plac(' 
in them, when the sensory organs with whi(*h they 
are connected are excited, arc of just the same nature 
as those which oc(!ur in motor nerves, when the 
muscles to which they arc distributed are made to 
contract: there is a molecular (thange which, in the casi‘ 
of the sensory nerve, is propagated towards the brain. 
l?ut the great fact insisted upon by Descartes, that no 
likeness of external things is, or can be, transmitted to 
the mind by the sensory organs ; on tlie contrary, that, 

* Locke {Unman Under damlinfj, Book IT., chap. viii. 37) uses Dcs- 
cart(‘s’ illustration for the same purpose, and warns us that “ most cl 
the ideas of sensation are no more tlic likeness of something existing 
without 113 than the names that stand for them are the likeness of our 
ideas, which yet, upon hearing, they are apt to excite in ns,” a dcclaiu- 
tion which paved the way lor Berkeley, 
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between tlie external eaii.se of a .sensation and tlio 
sensation, tliere is interposed a mode of motion of 
nervous matter, of which the state of coii.seionsness is 
no likeness, but a mere .symbol, is of the ])rofonndest 
iniportanc(\ It is llie pliy.siological foundation of the 
doctrine of the relativity of knowledge, and a, more 
or le.ss complete idealism is a U(‘cessary consecpience 
of it. 

For of two allermdives on(‘ must be Irue. Either 
(‘oiiseiousness is tlie function of a sometliing distinct 
from tlu^ brain, whieli we call llie soul, and a .sensa- 
iiun is llie mod(i in whi(di tliis .soul is alTccted by tlie 
motion of a j)art (d (he brain ; or tliere is no soul, and 
a, s(‘nsatioii is something g(merated by the mode of 
motion of a paii of the brain/ In the former case, 
tli(', jhenoineni of the .senses are l^undy .spiritual 
alleel ions; in the latter, they an^ .soiiKhhing maiiu- 
lai'tured by the ineehani.sni of the body, and as unlike 
lli(‘ ('aiises whi('h sid that meehainsni in motion, as the 
Sound of a repeater is unlike tlie ]mshing of tln^ s[)ring 
wliitdi gives rise to it. 

The nervous systmn stands betwemi conseiousni'ss 
and the assumi‘d i‘\tcrnal world, as an intiTpret(‘r who 
eaii talk with his tingims stands between a hidden 
s]»eaker and a man who is .stoin* <h‘af — and Uealism is 
<'<puvaleiit to a belief on the j)art of the deaf man, 
lliat the S[)eaker must also be talking with his finger.s. 

bes ext remes so touchent;” the shibbohddi of materi- 
■‘dists tliat “ thought is a .secretion of the brain,'' is the 
tichtean doctrine that “the phenomenal universe is 
Ihe creation of the Ego,” expressed in other language. 


p 
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IV. The motion of the matter of a sensovu nerve 
may he transmitted thronyh, the brain to 
motor nerves, and thereby (jive rise to con- 
traction of the mnscles to which these motor 
nerves are distributed; and this refection 
of motion from a sensory into a motor nerve 
may talx 'place without volition, or even con- 
trary to it. 

In stating tliese important truths, Deseartes 
(lefineci tliat whicli we now term “rellox net ion.” 
Indeed he almost uses llic t(‘rm itself, as he talks of 
the ‘Minimal spirits as refliutliis/'^ from the sensory 
into the motor nerves. And that this us(‘ of tin- 
word ^'refle('l(‘d '' was no nuTO aooide])!, hut tliat IIk- 
iin])ortance and a])pro])riateness of the idea it suggests 
was fully undei’stood hy l)‘*s(!art(‘3^ contemporaries, \< 
apparent from a passage in Williss well-known e^say, 
“Do Anima Ijrutorum,'’ piildished in 1(572, in wlii'li, 
in giving an aca'ount of Descartes' views, he sjieaks of 
till- animal spirits heiiig diverted into motor ehaiiiiel.^, 
“ veliit uiiduhitioiie rell(‘xa.”“ 

Nolliing eaii he clearer in sta.lemmit, or in illus- 
tration, than the view of reJIex action which Descaiie.' 
gives in the ‘^Passions dc rAme," Art, Niii. 

’ “ I’a-.-idiis <h; I’AiiK'j” Alt. x.wvi. 

“ ( JuaiiiciuiiqiK* liriiti actioiiciii, vi'liit jiutomali iiR’cliaiiici inotuiu 
ai'tificialnrn, in oo ooiisi^teiv quod so [niiiio f!eiisi])ile aliqiioil sj'ii’iUis 
aiiiiiialcs aliicioiH, (•o'-fjiio inlroi'.-ium ronvortoin, !<ntsionn}t i 

qua iiiox iidolii si.iiiliH, iindiilatioiio rcfloxa doniio ivlna’Miin 

ooiiuiioti alqiio pro coiiciimo ip^ius falnicio orgaiioniin, ot jiaitnna 
ooiiiK*, ill ccitos iiorvoM inn oiilo.'qiio dotmninali, iv^pt'olivos vz/oy/Za" 
rnni poifioinid.” --WjLLi.s ; “ Do Anliiu J^riiloriiin,’' p. 5, el. 

17g:3. 
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After recapitulating the luanuer in whicli sensory 
iinpressioiis transmitted by the se.nsory n(‘vves to tlic 
biuin give rise to sensation, ho proceeds 

And in addition to the <lifl\‘ront feelings excited in the 
soul by these dilFcnuit motions of the brain, the animal spirits, 
witliout the intervention of the soul, may take their course 
towards certain muscles, rather than towards others, and thus 
move the limbs, as I shall prove by an example. If some one 
moves his hand rapidly towards oiir eyes, as if he were going to 
.strike u.s, although we know that he is a friend, that he does it 
ojily in jest, and that he will be very cai’cful to do us no harm, 
n('verth('le.ss it will be hard to keep from wiiddng. And this 
.s]iow,s, that it is not by the agency of the soul that the eyes 
sliut, since this action is contrary to that volition which is the 
only, or at least the chief, function of the soul ; but it is because^ 
tlie mechani.sm of our body is so dispos(‘d, that the motion of 
the hand towards our eyes excites , another movement in our 
brain, and this sends the animal spirits into those muscles which 
cause the eyelids to close.” 

Since ].)escart(‘s' time, expofimoiit lias eminently 
enlarged onr knowledge of the details of ndlex aedion. 
The diseoNoiy of Ihdl has enal)led us to tidlow the 
(I'lieks (d* (bo .scii.S(n‘v and motor impulses, nloiig dis- 
liiicL bujidics of n(‘rv(‘ iibros ; and the spinal e(>rd, 
iipurt from the brain, lias been [)ri»\ed to b(‘ a gnxit 
uf retlex act ion ; Imi the fiindaineiital eoinu'p- 
t'ion remains as l)es('artes hdl it, and it is one of the 
pillars of nerve physiology tit the present day. 

V. TJiv motion of aoy (jirn} portion p/ the vufffrr 
of the bviiin rxritnl by the motion oj <f r^rnsoi’y 
nerve ^ lean's behind a readiness to be moved 
in the same way, in that pad. Aniifhnnj 
irhieli resuscitates (he motion yires rise to the 
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appropriate feeling. This is the physical 
mechanism of memory, 

Desoartcs imagined that tlu' pineal body (a curious 
appiuidagc to tluj iii)per side of the brain, the functi(jii 
of whieli, if it have any, is wliolly unknown) was tli(‘ 
instrument tlirougli whieli (lie soul received impres- 
sions from, and communicated them to, the brain. 
And he thus endeavours to (‘xplain what happiais 
whim one tries to reimllei't sometliing: — 

‘•Thus ulion tlic soul wills to rciiu'uihor auyihiu'j:. 
volition, causiu'^^ tlic‘ [jiincal] i;1aiul to iurlim* itself in dilVeient 
(liroctioiis, drives tin* [aninn'd| .''piiits towaids dillejvnt ^v^ions of 
the ])vain, until they reach that part in which are the trafe.-, 
which die ohject wliich it (h'.siies to renieiiiht'r has left. 
traces aiv ])roduced tlins those jiori'S of the hraiii throii!;li 
which the [animal] .spirits hava* pre\iuusly been di iven, hy rea.^on 
of the pre.sence of the ohject, have thereby acijuij’ed a tendency 
to bo opened by the animal .spiiit.s wliich return towards theiii, 
more easily than other poo's, so that tlu' animal .spirit'', impiiii; 
in;^ on tlu'x* pores, (‘iiti'r them more naidily than oth(*r.s. l!y 
this means they excite a iiaitii’ular movement in the |iiiir,il 
, Inland, which represents tin* idiject to tlui soul, and causes it tn 
know what it is which it defiled to recollect.^'^ 

That meiiKU’y is dopeiidoiil upon some condition 
ot the brain is a fact established by many considera- 
tions -anioiig the mo.st important of wliich ai’i^ the 
reniarhabhi tdioiioniona. of aphasia. And that the 
condition of the brain on wdiich memory ih'peiids, is 
larovly determiniMl by the repeated occurreiu^e of that 
condition of its molecules, which oivu's i*ise to the 
id(‘a of the thing remembered, is no less certain. 


^ “ Le.s riussions de I’Ame ” xlii. 
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Every boy who learns his lesson by repeating it 
exemplifies the fact. Descartes, as we have seen, 
su[)poses that the pores of a given part of the brain 
are stretched by the animal spirits, on the occurrence 
of a sensation, and that tlie pai-t of tlie brain thus 
stretclied, being imperfectly eJastie, does not return 
exiK'tly its ])revious condition, but nnnains nn)re dis- 
tensible tlian it was luhon'. llajdley supposes that 
till' vil)ratioiis, ('xeiled by a sensory, or otlu'r, impres- 
sion, do not die away, but are repres(mted l)y smaller 
\ibralions or vibratiuncules,'’ the pmnnaiiency and 
intensity of wlii(di are in relation with the fiXMpK'iiey 
of jvpctition of the primary vibrations. Haller has 
substantially the saim^ idea, but contents liimstdf v ith 
the goiKUul toi'in ‘‘ mutationes,*’ to express the cerebral 
change which is the cause of a state of consciousness. 
These “ mutatioiK's persist for a long lime after the 
('ause which gives rise to them has ceasc'd to operate, 
and are ari'anged in tlu‘ brain according to tlie order 
of Coexistence and succ'ession of their causes. And he 
giv(‘s these persistent ‘Anutationes the picturescpie 
iiaino of VL\sli<jia rt'rfnii, ‘Spia* non in mente sed in 
ipso corporc et in medulla ([uidiuii cerebri inetfabili 
modo incnalibiliter minutis notis et copia infiuita, 
iiiscriptm suut.’’^ I do not know that any modern 
tlieoiy of tlie pliysical conditions of memory diilers 
essentially from these, wliich arc all children — mutahs 
mutan^lls — of the Cartesian doctrine. Physiology is, 
at present, incompetent to say anything positively 
about the matter, or to go farther than the expression 

^ IlalU;!’, “ Prinuii Liulw,” fil. iii. “Sciimi.s IntcMiiiy 
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of tlic Iiigli probability, that every molcculnr cbaiige 
wliicb gives rise to a state of consciousness, leaves a 
more or less persistent structural modification, througli 
wliicli tlie same molecular cliange may l)c regenerated 
by otlier agencies than the cause wliicli first pi’o- 
diieed it. 

Thus far, tlie propositions respecting the idiysiolog) 
of tlie lU'rvoiis system wliieli ar(' slated by I)es('ar(es 
liave simply been more ('h'arly defnu'd, more' fully 
illustrated, and, for tlie most part, demonstrated, by 
modern physiological research. l>uL tlu're nunains a 
doctrine to which Descartes attaclu'd great wi'ight, so 
that full acceptance of it became a sort of note of a 
tlioromdi-going Cartesian, Imt which nev('rtliel(‘ss, is 
so opposed to ordinary prepossessions that it attaint'd 
more general notoriety, and gave rise to more discus- 
sion, than almost any other Cartesian hy])olhesis. It 
is tlie doctrine, that lirute animals are inert' machiiu's 
or automata, devoid not only of reason, 1)ut of any 
kind of consciousness, which is stated lirietly in the 
Discours de la j\Iethotle/^ and more fully in the 
‘‘ricponses aux Qualriemes Objections,’' and in flit' 
correspondence with Ht'iiry ]\Iore.^ 

Th('. process of reasoning liy whicli Doscarb's 
arrived at this startling conclusion is well shown in 
the following passage of the ‘‘ Eeponses:” — 

“ T>ut as regards the souls of beasts, although this is not the 

^ “ Itepense dc M. Dc.seartos !\ M. Moiuh.” 1G40. “Gbivres,” 
tome X. p. 204. “Maislcplus fjrand de Ions les prejuges rpie iioa^ 
fiyons leteiiu.s de noire cni'ance, eat eelui di5 croiro (pie lea 
peiisent,” (4c. 
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placo for considering them, and though, witliout a general 
cx[)Osition of j)]vysies, I can say no more on this suhji'ct than I 
have already said in the fiftli imrt of my Treatise on Method ; 
yet, I will further stat<‘, here, that it appears to mo to he a very 
reinarkahle circumstance that no movement can take place, either 
in the bodies of beasts, or even in our own, iP these bodies have 
not in themselves all the organs and in^^truments by means of 
which the very same movements would be accomplished in a 
machine. kSo that, even in us, the s[»irit, or the soul, does not 
directly move the limbs, but only <h‘t(‘rmines the course of that 
very subtle li(|uid which is called the animal spirits, which, 
running continually from the h(‘art by the brain into the- muscles, 
is the cause of all the movements of our limbs, and often may 
caiisi'. many ditrerent motions, one as easily as tin' other. 

“And it does not even always (‘x»*rt this determination ; for 
among the movements which take place in us, there ai’c many 
which do not depeml on tlu' mind at all, such as the beating of 
the h(‘art, the dig<‘stion of food, the nutiition, the respiration, 
of those who slee}) ; and, (‘ven in those who ari‘ awake, walking, 
singing, and othm* similar actions, when they are pt'rformed 
willioiit the mind thinking about them. And, when one who 
Palls Prom a height throws his hands forwai^ls to save hi> head, 
it is ill virtue of no ratiocination that h(‘ performs this action ; 
it does not depend upon his mind, Imt takes placo mendy 
hecaiise his senses being alleeted by the iwesent danger, some 
change arises in his brain which determines tlu' animal spirits 
to pass thence into the nerve.^ in sneb a niannci’ as is reipiired 
to jirodnce this motion, in tin* same way as in a maeliine, and 
without the mind being able to biinh'r it. Xnw since wc observe 
this in ourselves, why slionld wc; be so much astonished if tlie 
light relh'cted from the liody of a wolf into the eye of a sheep 
has the same force to excite in it the motion of llight ? 

“After having observed this, if we wish to learn by reasoning, 
vhether certain movements of beasts are comparable to those 
which are elTccti'd in ns by the opi*ratioii of tin* mind, or, on the 
contrary, to those which depend only on the animal spirits and 
llie disposition of the organs, it is necessary to consider the 
ditfereiico between the two, wliicli 1 Iiavo explained in the tilth 
part of the Discourse on Method (for T do not think that any otlnu’s 
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are discoverable), and then it will easily be seen, that all the actions 
of beasts arc similar only to those wbieli wo perform Avitlioiit tlie 
help of our minds. For which reason we shall be forced to 
conclude, that we know of the existence in them of no other 
principle of motion than the disposition of their organs and 
continual afllneiico of animal spirits i)rodnced by the heat of tin; 
heart, wliicli attenuates and subtilises the blood; and, at tlic 
sauK' time, we shall a<‘knowh‘dge that we hav(^ had no reason for 
assuming any other principle, except that, not having distinguished 
these two principles of motion, and si'cing that the om*, wliicli 
d(‘peuds only on the animal spirits and the organs, I'xists in beasts 
as well as in us, we have hastily concluded that the other, which 
dep(mds on mind and on thought, was also possessed by them.” 

Doseartes’ of argiiiiiciit is iindbctly clear, lie 
starts from rcilcx tuition in mini, from t]u‘ iin(|iicstioii- 
able fact lliat, in (nu*sclv(‘s, co-ordinate, purposive, 
tedious may take ]»la(*a.', without (lie, intervention of 
(‘onscionsness or volition, oi* vwn contrary to tin' 
latter. As actions of ti certain (h'greti of complexily 
arc brouglit about by mer(‘ nu'clianism, why may nol 
tudunis of still gretdei* complexity be the result of a 
mon; refined nie(ih<*uiisni '? AV hat proof is tlieiv lliat. 
brutes tirii other than ti superioi' race of marioindtes, 
which cat without [Measure, cry without ])aiii, desire 
nothing, know nothing, and only simulate intclligeucc 
as a bee siiiiultites a mathemtdicitin 

The Port Koyalists adopted the hypothesis that 
brutes are machines, and are said to liavc carried its 

^ Maluhrtmche .states the view taken by ortliudex Cartesians in 
1080 very forcibly : “Aiiisi dans les chiens, les dials, et les aiiln^ 
aniniaux, il n’y any intelligence, iiyame spiritiielle. coniine oiilVutcinl 
ordiuairejiient. Us iiiange.iii sans plaisir ; i Is eric lit sans doulciir ; ih 
croi^-eiit sans le scavoir : ils lie di'sireiit riim : its ne coiiiioisseiit nen i 
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pi’actical applications so far, as to treat domestic 
animals witli neo'lect, if not with actual cruelty. As 
late as the middle of the eij^’litccmth cmituiy, the pro- 
blem was discussed very fully and ably by Ijouillua-, 
ill his Essai philosophicpie sur rAim^ des Detes,’’ 
wliile Condillac diads with it in bis “Traitc des 
Aiiimaux C' but since then it has received little 
jitti'nlioii. Nevertheless, modern rest'aix'h has brought 
to light a great mullilude of faids, which not only 
show tliiit Descarti^s view is dehaisibh', but nuider it 
far more defensible than it was in his day. 

It must be premised, that it is wholly impossible 
absolutely to prove the ])r('sence or absence*, of con- 
sciousness in anything but ones own brain, though, 
by analogy, we are justified in assuming its existence 
in other men. Now if, by some accident, a man's 
s|»inal cord is divided, his limbs are paralysed, so far 
as his volition is concerned, below the point of injury; 
and he is incapabh; of (‘xpcru'in'ing all those states of 
(‘onsciousness, whiedi, in his uninjured state*, would be 
excited by irritation of those* nerves which come off 
helow the injury. If the sjiinal cord is divided in 
the middle of the back, for (*xam])le, the skin of the 
feet may be cut, or pinedied, or burned, or wetted 
with vitriol, without any sensation of touch, en- of 
pain, arising in consedousiicss. So far as the man is 
t^oiicerned, therefore, the part of the central nervous 

(^uy UliiU les iaisaiit pour k*s coiisiTver, il a coiilonm'; knirs corps 
tcllo inaiiitre, (pi’ils evitent orijjaiiiquemeiit, wins lo sjavoir, tout oo 
Ta p(*ut los flrlriiii’c ct qu’ils Fi’iiibleiii craiiuliv.” (“IVuillot do 
^ oiiclics. Mialitatiuns Xlct.iphysiques et OorrcspoiidancL' do N. ]\r;do- 

tiandie. Noiivkiiie McdiUition.” 1811 .) 
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system which lies l)oyoii(l the injury is cut olF from 
consciousness. Tfc must indeed l)e admitted, that, if 
any one tliiiih fit to imiintain tluit the spinal (jord 
below the injury is conscious, but that it is cut oil 
li’om any means of making its consciousness known 
to tlie otlier consciousness in the brain, there is no 
nutans of driving liim from liis position by logle. 

I hit assui’cdly tliere is no way of ])i‘OYing it, and in 
ilie matti'i* of consciousness, if in anytliiiig, we nniy 
hold l)y the jad(‘, “I)e non api>arentibiis et d(‘ nun 
existeiilibus ea<loni est ratio.'' However near tlie 
brain tlie spinal cord is injured, eonsciousiiess remains 
intact, exc(‘pt that the irritation of parts l)elow tin* 
injury is no longer rejwesentcd l)y sensation. On the 
other liand, pressure upon the anterior division of the 
Iwain, or extensive injui’ies to it, al)olisli (ionseioiis- 
ness. Hence, it is a liighly proliable conclusion, tliiil 
('onsciousness in man depends u])on tlie integrity of 
the aiitiTior division of the brain, while the middh' 
and hinder divisions of the brain, and the rest of the 
lUTvous centres, have nothing to do with it. And it 
is 1 Hither liighly probable, that what is true for man 
is tru(i for other vertebrated animals. 

W. ni;iy assume, then, tliat in a livin" vevtcljraleii 
aiiimiil, any segment of tlic cercbro-spinal axis (oi' 
spinal cord and lu'aiii) sei)ai’atcd from that antorioi' 
division of tlie brain which is the ortran of conscious- 
ness, is ns completely incapable of giving rise to 
consciousness, as we know it to be incapable of carry- 
ing out volitions. Nevertheless, this separated seg- 
ment of the spinal cord is not passive and inert. <h> 
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tlic conlraiy, it is tlic scut of extremely remarkable 
powers. In our imaj^iiiary ease of injury, the man 
would, as we luive seen, Ije devoid of sensation in his 
l(‘gs, and would lia,ve not tlie least jiower of movini:;’ 
tliem. But, if tlie soles of liis feid were tieJded, the 
l(‘gs would be dra.wn up, just as vigorously as they 
woiihl been beCon* (lie injurv. We kno\\ 

exactly what hajipiMis wlnm the soles of llu‘. h'ct arc' 
li('kh'(l ; a nioleeidar change', takes place in the sen- 
sory nervi's ol tlie skin, and is propagated along them 
and through th(‘> jiosterior roots of the spinal nerves, 
which arc' constituted by them, to tlie grey nudtc'r 
ot tlie s|)inal cord. Through that grey matter, the 
molecular motion is rellected into the anterior roc.hs of 
tlie same nc'rvc'S, eonstitutc'd by the lilaments which 
supply the muscles of the legs, and, travc'Ting along 
tliese mol or filaments, reaches the muscles, which at 
once contract, and cause the limbs to be drawn up. 

fn order to move the legs in this way, a definite 
co-ordination of musmdar contractions is necessary; 
Hie musedc's must contract in a certain order and with 
duly proportioned force; and nioreovt'r, as the fec‘t 
ure draavn a, way from the source of irritation, it may 
1)0 said that the action has a final cause, or is 
purposive. 

Thus it follows, that the grey matter of the seg- 
ment of the maifs spinal cord, though it is de\’oid 
of consciousness, nevertheless responds to a sim[)hi 
stimulus by giving rise to a complex S(!t of muscular 
ooutractions, co-oixlinated towards a defiiiite end, and 
serving an obvious jmrpose. 
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If the s})iiial cord of a frog is cut across, so as lo 
})r()vide us with a segment separated from tlie Imiin, 
we shall have a subject parallel to the injured maa, 
on which expeiiments can be made without remorse; 
as we have a right tn conclude that a frog’s spinal 
cord is not likely to be conscious, wlnm a mans 
is not. 

Now tin; frog behav(‘S just as the man did. Tlic 
legs are utterly paralysed, so far as voluntary move- 
ment is ('Oiicerned; but they are vigorously drawn iij) 
to the l)ody w'hen any irritaJit is applied to the fool. 
l)Lit lei us study our Irog a little farther. Touch the 
skin of tlu‘ .side of the body with a litlhi acetic, aeid, 
wlii(‘h giv('s rise to all the signs of great })aiii in an 
iiniiijiired frog. In tliis (*ase, there can be no pain, 
because the ap|ilication is made to a part of tli(‘ skin 
su])plie<l w’ith nerves which conn; olf from the cord 
Indow^ the point of se('tioii ; Jawaotlieless, tlnj fng 
lilts up the limb of tlui same sidi*, and ap[)lie.s I he 
loot to rub off tln‘ aH‘tic acid; and, wdiat is still nioiv 
reniarludde, if the lind) be held so that the frog 
cannot use it, it will, by-aiid-b\g move the limb of 
the other side, turn it acru.ss the body, and use it for 
the same riddhng process. It is impossible that the 
frog, if it wa-re in its entirety and could rcasoJi, 
should perform actions more puiposivo than these: 
and yet waj have most complete assuranec that, in 
this case, tluj frog is not aeting from })Uiposc, has no 
consciousness, and is a ineue insensible machine. 

Ihit now sii[)pose that, instead of making a section 
of thc‘ cord in the middle of the body, it had hceii 
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mado in sindi a manner as to separate tlie hindermost 
division of tlie brain from the rest of tlu; organ, 
and suppose tlie foremost two-lliirds of tlie l)rain 
entirely takijii away. The frog is tlnni absolultdy 
(l(;void of any spontaneity ; it sits n[)riglit in the 
atlitude wliicli a frog lialntnally assumes; and it will 
not stir iinliiss it is toiudied; but it dilb'rs from the 
fi'og which I have just described in this, that, if it be 
thrown into tliii water, it lu'gins to swim, and swims 
just as well as the tx-rfecl frog does, Ibit swimming 
re(piires the combination and siKM'essive co-indinalion 
of a, great number of muscular actions. AjuI wi* ai'e 
loivi'd to coii( lud(g that tlu*- iniju’i'ssiou made ution 
1h(' S( .‘DSory iK'i’vi's of the skin of tlie frog by the ('on- 
ta('l with tlu‘. water into wdiieli it is thrown, causes the 
transmission to the (auitral nervous at>paratus of an 
iini)ulse, wlii(‘h sets going a e(U*tain maehiiuTy by 
vliu'h all the museb's of swimming are brought into 
play in due eo-oi-diiiation. If the frog b(‘ stimulated 
hy some irritating body, it jumps or w'alks as Avell 
:is the ('omplete frog can do. 1die sim[)le sensory 
uiipression, acting through the machinery of the cord, 
gives rise to thesii (‘omt)lex combined movements. 

It is [lossibh* to go a step farther. Suppose that 
'’Illy the anb'rior division of tlie brain — so much of it 
lies in front of the ‘‘ optic- lobes” — is removc'd. If 
that operation is performed (juii'kly and skilfully, the 
h’ogniay be ki'pt in a slate of full bodily \ igour for 
iLonths, or it may be for yiairs ; but it will sit un- 
gloved. It sees nothing; it hears nothing. It will 
^^tarve sooner than feed itself, although food pul into 
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its mouth is swallowed. On irriliition, it jumps or 
walks; it tlirowu into the watiT it swims. If it he 
])ut on the luuul, it sits there, crouehed, peiieelly 
quick and would sit there for ever. If the hand he 
inclined wry gently and slowly, so that the Irog 
Avould naturally tend to slip oft’, the creature s fore 
paws arc shifted on to the edge of the hand, until lui ciiii 
just prevent himself from falling. If the turnim- of 
the hand he slowly continued, he mounts up witligri'at 
care and deliberation, putting first one h'g forward 
and theji another, until he halaiu't's liimself with 
lierfect preiddon u]K)n the edge ; and, if tlie turning of 
th(5 hand is ('on tinned, over he gO(‘s through tlic 
needful set of muscular operations, until he conies to 
he seated in si'curity, tipon the l)aok of tlu' hand. Tlio 
doing ot all this iHMjuires a delieaey of co-ordination, 
and ajnvcision of adjustment of the mus('ular a])[)ara1iis 
of the body, whhdi are only eonqiaraldc to tho.^(i of a 
rofx'-dancor. To tlui ordinaiy iidliieilcos of light, llic 
trog, doprivoil (d its (M‘r(d»ral hoiiM.s]»hoi‘es, appi'ais lo 
ho hliiid. A'o\(*rt hol(‘ss, it Iho animal lx* |nit upon a 
tahlo, with a 1 xM)k at somo liltlo dislaiieo IxUwooii ii 
ami tho light, and tin* skin (d’ (In* hiiidor [>aiT ol it' 
body is then irritated, it will jump forward, avoidin;^ 
th(i hook by jjassing to tin* right or left ol it. 
Tlierelore, althongh tho frog aj)[i(‘ai*s to Inive no 
semsation ot light, visible ohjoegs act through its hriiia 
ii[)on tlie motor mcfdiaiiism <d' its hodv.^ 


* Scf; tliu r(;iiuo'k;ini( r.'.siy of (JmIi/, “ licit /,ur ljt;ln‘‘‘ 
looicticjiicii (icr Ncr\cncriitrcii <l<--n’inM‘lM juildi IumI in I SO!). ' 

li.uci icjM-.itt'il (jii)]t/ •> c vjtci iiii'Mil.', .'Hill olil.iiiii'il tin' ^-lOm* 
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ft is olivioiis, that liad Descartes been acc|uaiiitcd 
witli these reinarkal)lc results of modern researcli, 
they would have furiiislicd him witli far more power- 
ful ai’gumcnts than he possessed in favour of his view 
of the automatism of brutes. The habits of a frog, 
leading its natural life, involve such simple adapta- 
tions to surrounding conditions, that tlie machinery 
A\liich is competent to do so much without tlic inler- 
veiitioii of consciousness, might well do all. And tliis 
argument is vastly strengthened by what has been 
harned in rei'cnt times of the marv(‘]lously com])lex 
operations wliicli are performed miM'lianically, and to 
all a])pearance witliout consciousness, by men, when, 
in consecpieiice of injury or disease, they are reduced 
to a euiulitioii more or h'ss ceftnpauabh' to that of a 
frog, in Avliicli the aiiteiior part of the lu'ain has been 
i‘em(>V('d. A case has recenlly been jmblislied by an 
eniineiit hrench pliysician. Dr. i\fesnet, w]ii('h illus- 
trates this condition so reniarka))ly, that 1 make no 
apology for dwelling upon it at considerabh* hnigtli.’ 

A serg(‘ant of tin' hrcin'h army, V , tweiity- 

He\cji years of age, was wounded during tlu' balth' of 
liazcilles, by a ball which fractured his left parietal 
hojie. lie ran liis bayonet through the IVussiaii 
f'oldier who wounded liini, but almost immediately 
his right arm liecame paralysed ; after walking about 

^ “ 1V I’Automalisnii' tlo. l:i Mi'inoiro ot dii SciiMiiir, <1aiis lo 
‘^"Miiiaiiiliiilisiiu* ” Car li‘ Di, K. MlMi'i in do 

' ltn|)i|;i,l Saiul-Ant»'iiu'. “ l/UnidU Mt'dicaUv’ diiilld 21 i-t 23, ISTI. 

nltciitioii \\;is rn'.si, ealli'il to a Miniinary uf tlii'- iciiMiK.il'lo 
'^til'll ajipcarrd in tlir ‘‘ Journal di-.s I VLats " Inv (In' Till ol 
1S71, liy uiy IVioud (uuiuial SliiK'Juy, F.U.S. 
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two liiindred yards, Ids right log hocamc siinilai’ly 
affected, and lie lost his senses. AVhen lu'. recovered 
tliem, tliree weeks afterwards, in liospital at ]\[a,yen(‘(‘, 
the right lialf of the body was comphdely pai’alysed, 
and remained in tliis condition for a year. At present, 
tlie only trace of tlie paralysis whicli remains is a. 
slight weakness of the right half of the body. Thn'c 
or four months after the wound was inlli('t(Ml, pei’iodi- 
cal distiirbaiici's of the functions of the brain made 
their appi'araiiee, and have, continued ('ver since. TIk' 
disturbances last from fift(*eu to thirty hours; tlie 
int(‘rvals at wliich tliey ociair being from llfteiai to 
thirty days. 

For four years, thciaffoiv, th(‘ lifi of this man 
has been divided into alternating phasi's — slioii 
abnormal states intervening between long norm.d 

o o 

states. 

fn the periods of normal lif‘, tin*. (‘X-seigeaiilb 
health is perfag,; he is inlelligejit and kindly, and 
perrorins, satisfactorily, (he duli(‘s of a liospil.al 
attendant. The. commene.mnent of th(‘ alniornial 
state is ushered in l)y uneasiiu'ss and a siaise of 
weight about the forelnaid, whiidi the j)atieJit com- 
pares to th(‘ constriction of a cir(d(‘ of iron; and, 
after its termination, In* comphiins, f>r some lionrs, 
of dulncss and heaviness of the luaid. Hut the 
traiisition from the normal to the abnormal state 
takes place in a few minuti'S, without convulshais 
or cries, and without anything to indicate the change 
to a liystander. Ilis movmnents remain fnic and his 
CApi’cssion (ailm, except for a coji tract ion of the brow, 
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an incessant movement of tlie eyeballs, and a clicwing 
motion of tlic jaws. The eyes are wide open, and 
tlieir pupils dilated. Tf the man liappons to be in a 
place to wliicli lie is accustomed, ho walks about as 
usual ; but, if he is in a new place, or if ol)staclcs are 
iiit(;ntionally placed in his way, he stumbles gently 
against tlnnn, stops, and tlum, feoling over the objects 
with his hands, pass(‘s on one side of them, lie offers 
110 n‘.sistance to any change of direction which may 
he impress(‘d ii])oii him, or to the fondble af'ccleratioii 
or retardation of liis movements. He eats, driidvs, 
smoki's, walks about, dresses and undresses himself, 
rises and go(,‘S to lied at the aecnslomed hours. 
Nevertlu'less, pins may be run into his hody, or 
strong cleetrie slioeks sent tliroilgh it, without causing 
the least indication of pain; no odorous substance, 
pleasant or unpleasant, maki'S the least impression; 
lu‘, eats and drinks with avidity whatevi'r is ollerod, 
and takes asahetida,, or vin(‘gar, or (|uiiiin(‘, as n^adily 
ns water ; no noise atfeids him ; and light intlmmces 
him only under certain conditions. Dr. Mesnet re- 
marks, that the sense of touch alone seems to pm’sist, 
niid indeed to be more aimte and delicatt'. than in the 
normal state ; and it is by iiK'ans of flic nerves 
of touch, almost exclusively, that his oiganisiu is 
hrought into relation with the external w’Oiid. Hm’i* 
a diflicnlty arises. It is clear from the facts detailed, 
that the nervous apparatus by whieb, in the normal 
state, sensations of touch ar<‘ excited, is that b} 
\vhich external influences determine the movements 
tlie body, in the abnormal state. I hit does the 
Q 
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state of consciousness, which we term a tactile sen- 
sation, accompany the operation of this nervous 
apparatus in the abnormal state ? or is C43nsciousness 
utterly absent, the man being reduced to an insensible 
mechanism ? 

It is impossible to obtain direct evidence in 
favour of the one conclusion or the other; all iliiit 
can be said is, that the case of the frog shows that 
the man may be devoid of any kind of consciousiK'ss. 

A further difficult problem is this. The man is 
insensible to sensory impressions made through tin*, 
car, the nose, the tongue, and, to a great extent, the 
eye ; nor is he susceptible of pain from causes operat- 
ing during his abnoiinal state. Nevertheless, it is 
possible so to act uiion his tactile ajiparatus, as to 
give rise to those molecular changes in his sensorium, 
which arc ordinarily the caus(‘s of associated trains of 
ideas. I give a striking example of this process in 
Dr. Mesne t’s words : — 

“11 so promonaib (Ians lo jiiiHliii, sons un massif (Tarbros, on 
lui roiriet A la main sa canno qu’il avait laisso tombor qni*l(jiirs 
miiiiitos avant. 11 la [»ali)o, prornriio })lu.sieurs reprises la iiiiiin 
siir la poigneo coiidec do sa caiinc — devicnit atteiitif — seinl'I'' 
preter Toreille — et, lout-a-coup, apptdb; ‘Henri!’ Puis, ‘H’s 
voila ! 11s soiit au moins une vingtaiiie I i\ nous deux, nous 

viendrons a bout!’ Et alors portant la main dc'rriero son dos 
cornme pour prendro uno cartoucln^, il fait lo mouvement 
charger son arrac, se couchc dans Pherbe a plat ventre, la leti' 
cacliee par un arbre, dans la position d’un tirailleur, ct suit, 
Tarmc (5paul6e, tons les mouvementg do renneini qu’il croit voir 
courte distance.” 


In a subsequent abnormal period. Dr. Mesnet 
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caused the patient to repeat this scene hy placing 
him in tlic same conditions. Now, in this case, the 
question arises wlietlicr the series of actions eonstitut- 
iiig this singular pantomime was accompanied by 
the ordinary states of conscionsness, the aj)])ropriate 
train of ideas, or not? Did the man dream tliat he 
was skirmishing ? or was lie in the condition of one of 
Vaucatison’s automata— a senseless mechanism worked 
by molecular changes in his nervous system? The 
analogy of the frog shows that the latter assumption 
is perfectly justifiable. 

The ex-sergeant has a good voice, and had, at one 
time, been employed as a singer at a cafe. In one of 
his abnormal states he was observed to begin hum- 
ming a tune. He then went’ to his room, dressed 
himself carefully, and took up some parts of a period- 
ical novel, which lay on his bed, as if In; were trying 
to find soimfihing. Dr. Mesnet, .suspecting that lie 
was seeking his music, made iqr one of these into a 
roll and put it into his hand. He appeared satisfied, 
took up his cane ;ind went down-stairs to the door. 
Here Dr. ]\rcsnet turned him round, and he walked 
quite contentedly, in the o])poaitc direction, towards 
the room of the concibrge. The light of the sun 
‘^billing tlirougli a window now linppcued to fall upon 
bini, and ficoincd to sugg(3st the footlights of the stage 

which he was accustomed to make his appear- 
He stopped, opened his roll of imaginary 
luiisic, put hinis(^lf into the attitude of a singer, and 
with perfeid execution, three songs, one after 
^bc other. After which he wiped his face with his 
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handkcrcliief o.ikI drank, without a grimace, a tumbler 
of strong vinegar and water which was put into his 
hand. 

An experiment whicli may be performed upon tlio 
frog deprived of the fore part of its lu\ain, well known 
as Gditzs Quak-vcrsuch,’^ affords a parallel to this 
performance. If the skin of a certain part of the back 
of such a frog is gently stroked with the fingc'r, it 
immcdiaiely croaks. It never croaks uidess it is so 
stroked, and the croak always follows the stroke, just 
as the sound of a repeater follows the touching of tlu! 
spring. In the frog, this ‘‘song” is innate — solo 
speak d imori — and depends uj)on a mechanisin in 
the brain governing the vocal apparatus, which is set 
at work by the molectilar change set up in the sen- 
sory nerves of the skin of the back by the contaci of 
a foreign body. 

In man theni is also a vocal mechanism, and tln' 
cry of an infant is in the same sense innate and d 
priori, inasmuch as it depends on an organic, relation 
between its sensory nerves and tin', nervous mecdianisni 
which governs the vocal apparatus. Learning to 
speak, and learning to sing, are processes by wliieli 
the vocal mechanism is sot to new tunes. A song 
which has been learned has its nioleindar equivalcnl, 
which potentially represents it in the brain, just as 
a musical box wound up potentially represents an 
overture. Touch the stop and the overture begins ; 
send a molecular impulse along the pn>p(T allcivnt 
nerve and the singer begins his song. 

Again, the manner in which the frog, though 
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apparently insensible to light, is yet, under some 
circumstances, influenced by visual images, finds a 
singular parallel in the case of the cx-sergeant. 

Sitting at a table, in one of his abnormal stat(?s, 
lie took up a pen, felt for paper and ink, and began 
to write a letter to his general, in which he recom- 
mended himself for a medal, on account of Ids good 
('onduct and courage. It occurred to Dr. Mesnet to 
ascertain experimentally how far vision was concerned 
in this act of writing, lie therefore interposed a 
screen between the man s eyes and his hands ; und(w 
these circumstances he went on writing for a short 
time, but the words became ilh'gible, and he finally 
stop})ed, without manifesting any discontent. On the 
withdrawal of the screen he hegan to write again 
where he had left off. The substitution of water for 
ink in the inkstand had ti similar result. lie stopped, 
looked at his pen, wiped it on his coat, dipped it in 
the water, and began again, Avlth the same efft'ct. 

On one occasion, he began to write upon the top- 
most of ten superimposed sheets of paper. Alter 
he had written a line or two, this slie(!t was suddeiil}' 
drawn away. There was a slight expression of sur- 
prise, but he continued his letter on the second sheet, 
exactly as if it had been the first, fl'his operation 
was repeated five times, so that the filth sheet con- 
tained nothing but the writer s signature at. the bottom 
of the page. Nevertheless, when the signature was 
finished, his eyes turned to the top of the blank sheet, 
nnd he went through the form of reading over what 
he had written, a movement of the lips accompany- 
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ing each word ; moreover, with his pen, he put in 
sucli corrections as were needed, in that part of flic 
blank page which corn^sponded with the position of 
the Avords Avliieh required correction, in the slioots 
whicli had been taken away. If the five sheets liad 
been transparent, tlierefore, tliey would, wljcn super- 
posed, have fonneJ a properly written and coiTected 
I(‘tter. 

Immediately after he had written his letter, F 

got u]>, walk(al down to the. gard(Ui, miuh liiinselfa 
cigaivtte, lighted and smoktal it. He was about to 
prepare anotluT, but sought in vain for his tol>a(.'(:o- 
j)ouch, which had be(‘n purpostdy taken away. Tlje 
pouch was now thrust before his eyes and put uiidi r 
his nose, but he mdther saw nor smelt it; but, wlaai 
it was jdaeed in his hand, he at oik'c seized it, made ii 
fresh cigarette, and igniti‘d a matcdi to light the lal ter. 
Tilt; mateh was bloAvn out, and another lighted laaltJi 
jdat'cd close before his tyes, but he niad(‘ no all(‘iii]>t 
to take it ; and, if his cigarette was lighted for liiin, 
he made no attempt to smoke. All this time tlie 
eyes were vacant, and neither winked, nor e.\liibited 
any contract itni of the pupils. From these and other 
experiments. Dr. Slesnct draws the conclusion that 
his patient s(;es some things and not othei’s ; that the 
sense of sight is accessible to all things wliiedi are 
brought into ndation with him by the sense of toudi, 
and, on the contrary, insensible to things which he 
outside this relation. He secs the match he liohl^«, 
and docs not sec any other. 

Just so the frog '‘sees'' the book which is in the 
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way of liis jump, at tlie same time that isolated visual 
impressions take no effect upon liim.^ 

As I have pointed out, it is impossilde to prove 

that F is absolutely unconscious in his aljiiormal 

state, but it is no less impossible to prove tlie con- 
trary; and the case of tlic frog goes a long way to 
justify the assumption tliat, in tlie abnormal state, 
tli(i man is a mere insensilde machine. 

If suc.h facts as these liad come under the know- 
ledge of Descartes, would they not hiive formed an 

^ Those who have h:ul ocr.isioii to Ijocoiiie acMjiuiiiitud witli the 
])h(‘iiomi*iui of somiminhulisiii ainl of im-MiU'risin, will be struck \\ith 
tlie close ]i!irallel which they rrr''Ciit to the rrocee'lin.Ljs of F. in his 
aliiioniial slate. But the m'^-at value of Dr. Mosiu't’s observations lies 
in the tact that the abnormal condition is tracealde to a delinite injury 
to tlie biain, and that the ciicnnistances M-e .^uch as to kei'p us clear of 
the cloud of voluntary and inv<duntary tictions in which the truth is 
too often .sniothereil in such cases. In the unfortunate subjects of 
such abiioimal conditions of the lirain, the di-'tuibance of the sensory 
.and intellectual faculti<*s is not unfre(|Uently acconipanii'd by a ])erturb- 
alion ot the moral nature, which in.ay manifot itself in a most 
nstoiiishiii,L; love of lyiu^f for its own sake. And, in this resjaoct, also, 
F.’s case is sinj^ularly instructive, for thou.uh, in liLs iioimal state, he is 
a perfectly honest mail, in his abnormal condition he D an inveterate 
tliief, stealing and hidiii;^ away whatever he can lay hainls on, with 
much dexterity, .and with an ah'^urd iinlilference as to whether the 
property is his own (jr not. lJotrman’.s terrildc conception of the 
“ Doppelt-j^anj^er” is realised hymen in this .‘^tate — who live two lives, 
lu the one of which they may be j^uilty of the most criminal acts, 
while, in tli(. other, they are eminently virtiunis and respectahle. 
Neither life knows anything' of the otlier. Dr. Mesuet .state.s that he 

Watched a man in his abnormal .stale idaborately prepare to han<]; 
Ihiusell, and has let him go on until asphyxia set in, when ho cut him 
down. But on pa.^sing into the normal state the wiuild-ho suiehle 
''US wholly ignorant of what liad happened. The jn'oblem of respon- 
‘■'ihility is here as complicated a.s that of the prince bishop, wlio swore 
us a juince and not as a bishoj). “ But, highne.^.s, if the prince is 
‘^uinned, wdiat will become of the bishop ?” .siiid the peasmt. 
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apt commentary upon tliat remarkable passage in tin* 
“Traitc Je Tlf online/' I liave quoted elsewlicre/ 
but wliicli is worth repetition ? — 

“All tlio Ainotioiis wliicli I have atti‘il)iitL'J to this iiiadiiiK* 
(the body), as the (li‘,^(*sti()]i of food, the pulsation of the heart 
ami of the arteries; the nutrition and the growth of tlie limbs; 
respiration, wakefulness, an<l hleep ; the rece]dion of light, sounds, 
odoiii’s, flavours, lu'at, and such like qualities, in the organs of 
(he external the iin])rehsi(m of the hh'as of tliesi' in IIk; 

organ of eoniinon sensation ainl in the imagination; (lie retention 
or the inipn'S'^ion of the>e ideas on the nienioiy ; the internal 
inoveim'iits of the a])petites and the passions ; and lastly the I'x- 
t<‘rnal niovennmts of all the limbs, which follow so a}>tly, as AVell 
the action of (lui objects whieh ai’c presented to the sensi-s, as llic 
inqtre^ions 'which meet in the memory, tli.it they imitate a> 
nearly as possible those of a rt'al man ; 1 de.-'ire, I say, that you 
should consider that tlie.M* fiinctiuiis in the nmehim* natinall\ 
](ro('e(‘d from tin; imu'c ariangemeiit of its (ng.ans, neither nioje 
nor le^s than <Io the movements of a clock, or otliei* autonialoii, 
from that of its weights and its wheels ; so that, so far as the.se aie 
coiiceriKMl, it is not necessary to concei\e any other \i‘getativ(‘ or 
sensitive soul, nor any other ju'inciphi of motion or of life, than 
the blood and the .spirits agitated by the lire wliicli burns coii- 
tinually in the heai t, and which is no wis(i (‘ss('ntially diireiviit 
from all the (ires whi<-h exi^st in inanimate bodie.s.” 

Aud would not Imvc Ixam jusliricd in asking 

why wc iipcd deny tliat animals arc madiiin'S, wIk'Jj 
nmn, in ;i .slate of unconsc-iousnc.ss, pindbrin, niccliaiii- 
c.ally, ticiion.s a.s (amqilicatod ;uid as .suriiiingly rational 
as tlios(3 of any animals? 

jjiit though I do not think that Dcscaitcs 
hypothesis ean be jiositively refuted, I am not dis- 
posed to aceejit it. 'I’lni doctrine of (amtiiiuity is too 
Avell established for it to be ])ermissiblc to me to 

^ “ Lay Sermon'-, Ivssay.'- and l{c\iew.s,” p. SOT). 
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sui)i)Ose that any complex natural phenomenon comes 
into existence suddenly, and without being preceded 
l)y simpler modifications; and very strong arguments 
would be needed to prove that sucli complex pheno- 
ineiin, as those of consciousness, fii'st make their 
appearance in man. We know, tliat, in tlie individual 
man, consciousness grows from a dim glimmer to its 
full liglit, wliether we consider (lie infant advancing 
in years, or tlie adult emerging from slumber and 
swoon. AVe know, further, that tlie lower animals 
])ossess, tliougli less developed, that part of the brain 
wliich Ave have every reason to l)eli(‘.ve to be tlie organ 
of (consciousness in man ; and as, in other cases, fumc- 
tion and organ aixc proportional, so we have a right to 
coiu'lude it is Avilh tlie brain; and that the brutes, 
lliongh tli(.‘y may not })(.)ssess our intensity of (conscious- 
ness, and though, from the absence of language, they 
can have no trains of thoughts, but only trains of 
feelings, yet have a consciousness Avhich, more or less 
distinctly, foreshadows our (javii. 

1 (conh'ss that, in viinvof the struggle for existence 
Avliich goes on in the animal Avorld, and of the fright- 
Inl (piantity of pain Avith AAdiich it must be a(jconi- 
panied, 1 should be glad if the probabilities AA-ere in 
lavour of DescarU's hypothesis; but, on the other 
hand, considering the terrible practical ('onse(piences 
to doniestic animals Avhi(*h might ensue from any error 
oil our part, it is as Avell to err on the right side, if Ave 
oiT at all, and deal Avitli them as AA^eaker brethren, Avho 
‘U’c bound, like the rest of us, to pay their toll for 
livings and sufler what is needful for the giAiieral good. 
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As Hartley finely says, “ We seem to be in the place 
of God to them ; ” and we may justly follow the pre- 
cedents He sets in nature in our dealings with them. 

But tliough we may see reason to disagree with 
Descartes' hypotliesis that brutes are unconscious 
machines, it does not follow that he was wrong in re- 
garding them as automata. They may be more or 
less conscious, sensitive, automata ; and the view timt 
they are such conscious machines is that which is 
implicitly, or explicitly, adopted by most persons. 
When we speak of the actions of the lower aiiinnils 
being guided by instinct and not ])y reason, what wc 
really mean is that, though they feel as we do, yet 
their actions are the results of tlieir physical organisa- 
tion. AVe believe, in short, that they are machines, 
one part of wliich (the nervous system) not only sets 
tlie rest in motion, and co-ordinates its movements in 
relation witli chnnws in surroundiiiG: bodies, but is 
provided with special a])])aratus, the function of wliicli 
is tlie calling into existence of those states of con- 
sciousness which arc termed sensations, emotions, and 
ideas. I believe that this generally accepted view is 
the l)cst expression of the facts at present known. 

It is experimentally demonstrable — any one who 
cares to run a pin into himself may perform a sufli- 
cient demonstration of the fact — that a mode of 
motion of the nervous system is the immediate ante- 
cedent of a state of consciousness. All but the 
adherents of “Occasionalism,” or of the doctrine of 
“ Pre-established Harmony ” (if any such now exist), 
must admit that we have as much reason for regarding 
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the mode of motion of the nervous system as the cause 
of the state of consciousness, as we have for regarding 
any event as the cause of another. How the one 
phenomenon causes the other we know, as much or as 
little, as in any other case of causation ; but we have 
as much right to believe that the sensation is an effect 
of the molecular change, as we have to believe that 
motion is an effect of impact ; and there is as much 
propriety in saying that the brain evolves sensation, 
as there is in saying that an iron rod, when hammered, 
evolves heat. 

As I have endeavoured to show, we are justified 
in supposing that something analogous to what 
l)a])[)(‘ns in ourselves takes place in the brutes, and 
that the affections of their sensory nerves give rise to 
molecular changes in the brain, which again give rise 
to, or evolve, the corresponding states of consciousness. 
Nor can there be any reasonable doubt that the 
emotions of brutes, and such ideas as they possess, 
arc similarly dependent upon molecular brain changes. 
Each sensory impression leaves behind a record in the 
structure of the brain — an “ ideagenous ” molecule, so 
to speak, which is competent, under certain conditions, 
to reproduce, in a fainter condition, the state of con- 
sciousness which corresponds with that sensory impres- 
sion ; and it is these ideagenous molecules ” which 
iire tlie physical basis of memory. 

It may be assumed, then, that molecular changes 
hi the brain are the causes of all the states of con- 
sciousness of brutes. Is there any evidence that these 
states of consciousness may, conversely, cause those 
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molecular changes which give rise to muscular motion ? 
I sec no such evidence. The frog walks, hops, swims, 
and goes through his gymnastic performances quite as 
well without consciousness, and consequently without 
volition, as with it; and, if a frog, in his natural 
state, possesses anytliing corresponding with what we 
call volition, there is no reason to think that it is 
anything but a concomitant of the molecular changes 
in the brain which form part of the series involved in 
the production of motion. 

The consciousness of brutes would appear to be 
related to the mechanism of their body simj)ly as a 
collateral product of its Avorking, and to be as coni- 
jdetely without any power of modifying that working 
as the steam -whistle which accompanies the work of 
a locomotive engine is without influence upon its 
machinery. Their volition, if they have any, is an 
emotion indicative of physical changes, not a cause of 
such changes. 

This conception of the relations of states of con- 
sciousness with molecular changes in the brain- ot 
]).vjchoses witli neuroses — docs not prevent us froju 
ascri])ing free will to brutes. For an agent is free 
when there is nothing to prevent him from doing tliat 
which he desires to do. If a greyhound chases a 
hare, he is a free agent, l)ccausc his action is in entire 
accordance witli his strong desire to catch the hare ; 
while so long as he is held back by the leash he is not 
free, being prevented l)y external force from following 
his inclination. And the ascription of freedom to the 
greyhound under the former circumstances is by no 
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means inconsistent with the other aspect of the fiicts 
of the case — that he is a machine impelled to the 
cliasc, and caused, at the same time, to have the desire 
to catch the game by the impression which the rays of 
light proceeding from the hare make upon his eyes, 
and through them upon his brain. 

Much ingenious argument has, at various times, 
been liostowcd upon the question : How is it possible 
lo imagine tliat volition, whicli is a state of conscious- 
ness, and, as such, has not tlie slightest community of 
nature with matter in motion, can act upon the 
moving matter of which the body is composed, as it 
is assumed to do in voluntary acts? But if, as is 
here suggested, the voluntary acts of brutes — or, in 
other words, the acts wliicli they desire to perform — 
are as purely mcclianical as the rest of their actions, 
and arc simply acconq)anied by the state of conscious- 
ness called volition, tlic inquiry, so far as tlioy arc 
concerned, becomes superfluous. Their volitions do 
not enter into the chain of causation of their actions 
at all. 

The hypothesis that l)rutes are conscious automata 
is perfectly consistent with any view tliat may })C 
held respecting the often discussed and curious 
question whether they have souls or not ; and, if they 
have souls, whether those souls are immortal or not. 
It is obviously harmonious with the most literal 
adherence to the text of Scripture concerning 'Mlu*. 
beast that perisheth;’' but it is not inconsistent with 
the amiable conviction ascribed by Pope to his 
untutored savage,^’ that when he passes to the 
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happy hunting-grounds in the sky, his faithful dog 
shall bear him company.^’ If the brutes liave con- 
sciousness and no souls, then it is clear tliat, in tliem, 
consciousness is a direct function of material charmes ; 
while, if they possess immaterial subjects of conscious- 
ness, or souls, then, as consciousness is brought into 
existence only as the consequence of molecular motion 
of the brain, it follows that it is an indirect prodiu^t 
of material changes. The soul stands related to the 
body as the bell of a clock to the works, and con- 
sciousness answers to the sound which the bell gives 
out when it is struck. 

Thus far I have strictly confined myself to the 
problem with which I proposed to deal at starting — 
the automatism of brutes. The question is, I believe, 
a perfectly open one, and I feel haj)py in running no 
risk of either Papal or Presbyterian condemnation for 
the views which I have ventured to put forward. 
And there are so very few interesting questions which 
one is, at present, allowed to think out scientifically — 
to go as far as reason leads, and stop where evidence 
comes to an end — without speedily being deafened by 
the tattoo of *‘thc drum ecclesiastic^^ — that I have 
luxuriated in my rare freedom, and would now 
willingly bring this disquisition to an end if I could 
hope that other people would go no farther. Unfortu- 
nately, past experience debars me from entertaining 
any such hope, even if 

“ that drum’s discordant sound 

Parading round and round and round,” 

were not, at present, as audible to me, as it was to the 



IX.] 


ANIMAL AUTOMATISM. 


239 


mild poet who ventured to express his hatred of drums 
in general, in that well-known couplet. 

It will be said, that I mean that the conclusions 
deduced from the study of the brutes arc applicable 
to man, and that the logical consequences of such 
application arc fatalism, materialism, and atheism — 
whereupon the drums will beat the ixis de charge. 

One docs not do battle wdth drummers; but I 
venture to offer a few remarks for the calm considera- 
tion of thoughtful persons, untrammelled by foregone 
conclusions, unpledged to shore-up tottering dogmas, 
and anxious only to know the true bearings of the 
case. 

It is quite true that, to the best of my judgment, 
the argumentation which ayqdies to brutes holds 
equally good of men ; and, therefore, that all states 
of consciousness in us, as in them, arc immediately 
caused by molecular changes of the brain-substance. 
It seems to me that in men, as in brutes, there is no 
proof that any state of consciousness is tlic cause of 
change in the motion of the matter of the organism. 
If these positions arc well based, it follows that our 
mental conditions are simply the symbols in conscious- 
ness of the changes which take place automatically in 
the organism ; and that, to take an extreme illustration, 
the feeling we call volition is not the cause of a 
voluntary act, but the symbol of that state of the 
brain which is the immediate cause of that act. We 
are conscious automata, endowed with free will in the 
nnly intelligible sense of that much-abused term — 
hiasinuch as in many respects we are able to do as we 
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like — but none the less parts of the great series of 
causes and effects whicli, in unbroken continuity, 
composes that which is, and has been, and shall be — 
the sum of existence. 

As to the logical consequences of this conviction 
of mine, I may be permitted to remark that logical 
consequences are the scarecrows of fools and tlio 
beacons of wise men. The only question which any 
wise man can ask himself, and wliich any honest nuin 
will ask himself, is whether a doctrine is true or false. 
Consequences will take care of tliemsc'lvcs ; at most 
tlicir importance can only justify us in testing witli 
extra care the reasoning process from wliich they 
result. 

So that if the view I liave taken did really and 
logically lead to fatalism, materialism, and atheism, 
I should jirofcss myself a fatalist, materialist, and 
atheist; and I should look upon those wlio, whih*. 
they believed in my honesty of purpose and inti'l- 
lectual competency, should raise a hue and cry against 
me, as people who by their own admission prcterr(‘d 
lying to truth, and whose opinions therefore were 
unworthy of the smallest attention. 

But, as I have endeavoured to explain on other 
occasions, I really liave no (daim to rank mysell 
among fatalistic, materialistic, or atheistic philoso- 
phers. Not among fatalists, for I take the conception 
of necessity to have a logical, and not a pliysienl 
foundation ; not among materialists, for 1 a.m utterly 
incapable of conceiving the existence of matter if there 
is no mind in which to pictur(‘ tlint existence; not 
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among atheists, for the problem of the ultimate cause 
of existence is one which seems to. me to be hopelessly 
out of reach of my poor powers. Of all the senseless 
babble I have ever had occasion to read, the demon- 
strations of these philosophers who undci'take to tell 
us all about the nature of God would be the worst, if 
tlicy were not surpassed by the still greater absurdities 
of the philosophers who try to prove that there is no 
God. 

And if this personal disclaimer should not be 
enough, let me further point out that a great many 
persons w’hosc acuteness and learning will not be 
contested, and whose Christian piety, and, in some 
cases, strict orthodoxy, are above suspicion, have held 
more or less definitely the view that man is a conscious 
automaton. 

It is held, for example, in substance, by the whole 
school of i)redestinarian theologians, typified by St. 
Augustine, Calvin, and Jonathan Edwards — the great 
work of the latter ontlie will showing in this, as in 
other cases, that the growth of pliysiiual science has 
introduced no new difficulties of principle into theo- 
logical problems, but has merely given visible body, 
as it were, to those which already existed. 

Among philosophers, the pious Geulincx and the 
whole scliool of occasioiialist Cartesians held this view ; 
tlic orthodox Leibnitz invented the term “ automate 
spirituel,” and applied it to man ; the fervent Christian, 
Hartley, was one of the chief advocates and best 
expositors of the doctrine ; while another zealous 
apologist of Christianity in a sceptical ago, and a con- 
B 
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temporary of Hartley, Charles Bonnet, the Genevese 
naturalist, has embodied the doctrine in language of 
such precision and simplicity, that I will quote the 
little-known passage of his “ Essai de Psychologic’’ 
at length : — 

Another Hypothesis concerning the Mechanism 
OF Ideas. ^ 

“ Philosophers accustomed to judge of things by that whicli 
tlioy are in themselves, and not by their relation to receive(l 
ideas, would not be shocked if they met with the proposition 
that the soul is a mere spectator of the movements of its body : 
that the latter performs of itself all that series of actions which 
constitutes life : that it moves of itself : that it is the body alone 
which reproduces ideas, compares and arranges them ; which 
forms reasonings, imagines and executes plans of all kinds, etc. 
'riiis hypothesis, though perhaps of an excessive boldness, never- 
theless deserves some consi<leration. 

“ It is not to be denied that Supreme Power couhl create an 
automaton which should exactly imitate all the external and 
internal actions of man. 

“ I tinderstand by external actions, all those movements which 
pas.s under our eyes ; I term internal actions, all the motions 
which in the natural state cannot be observed because they take 
place in the interior of the body — such as the moveunjuts of 
digestion, circulation, sensation, etc. Moreover, I include in this 
cat(5gory the movements which give rise to ideas, whatev(T ho 
their nature. 

“ In the automaton which we are considering everything would 
be precisely determined. Everything would occur according to 
the rules of the most admirable mechanism : one state would 
succeed another state, one operation would lead to another 
operation, according to invariable laws ; motion would become 
alternately cause and effect, effect and cause ; reaction would 
answer to action, and reproduction to production. 


^ Essai de Psychologic,” chap, xxvii. 
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“Constructed with ^definite relations to the activity of the 
beings which compose the world, the automaton would receive 
impressions from it, and, in faithful correspondence thereto, it 
would execute a corresponding series of motions. 

“ Indifferent towards any determination, it would yield equally 
to all, if the first impressions did not, so to speak, wind up the 
machine and decide its operations and its course. 

“ The series of movements which this automaton could execute 
would distinguisli it from all others formed on the same model, 
l)ut which, not having been jjlaccd in similar circumstances, would 
not have experienced the same impressions, or would not have 
experienced them in the same order. 

“ The senses of the automaton, set in motion by the objects 
piH'seiitcd to it, would communicate their motion to the brain, 
the chief motor ap[)aratu.s of the machine. This would put in 
action the muscles of the hands and feet, in virtue of their secret 
connection with the senses. Tliese muscles, alt(‘rnately contracted 
and dilated, would approximate or remove the automaton from 
the objects, in the relation which they would bear to the con- 
servation or the destruction of the machine. 

“ The motions of perception and sensation which the objects 
would have impressed on tlie brain, would b(^ preserved in it by 
the energy of its mechanism. They would become more vivid 
according to the actual condition of the automaton, considered in 
itself and relatively to the objects. 

“ Words being oidy the motions impressed on the organ of 
hearing and that of voice, the diversity of these movements, 
their combination, the order in which they would succeed one 
another, would represent judgments, reasoning, and all the oper- 
ations of the mind. 

“ A close correspondence between the organs of the senses, 
cither by the opening into one another of their nervous ramifica- 
tions, or by interposed springs (I'essorts), would establish such a 
connection in their working, that, on the occasion of the move- 
nionts impressed on one of these organs, other movements would 

excited, or would become more vivid in some of the other 
senses. 

“Give the automaton a soul which contemplates its movements, 
^hich believes itself to be the author of them, which has difterent 
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volitions on the occasion of the different movements, and you 
will on this hypothesis construct a man. 

“ But would this man be free ? Can the feeling of our liberty, 
this feeling which is so clear and so distinct and so vivid as to 
persuade us that wo are the authors of our actions, be conciliated 
with this hypothesis 1 If it removes the difficulty which attends 
the conception of the action of the soul on the body, on the other 
hand it leaves untouched that which meets us in endeavouring 
to conceive the action of the body on the soul.” 


But if Leibnitz, Jonathan Edwards, and Hartley- 

men who rank among the giants of the world of 

thouo’lit — could see no antaoronism between the doc- 
o o 

trine under discussion and Christian ortliodoxy, is it 
not just possible tluit smaller folk may be wrong in 
making such a coil about ‘‘logical conseipiences ” ? 
And, seeing liow large ti share of this clamour is raised 
by the clergy of one denomination or anotlicr, nia\ 
I say, in conclusion, that it really would be well if 
ecclesiastical persons would reilcct that ordination, 
wliatcvcr deep-seated graces it may confer, has never 
been observed to be followed by any visible increasi', 
in the learning or the logic of its subject. Making a 
man a Bishop, or entrusting him with the office of 
ministering to even the largest of Presbyterian 
congregations, or setting him up to lecture to a 
Church congress, really does not in the smallest 
degree augment such title to respect as his opinions 
may intrinsically possess. And, when such a man 
presumes on an authority which was conferred upon 
him for other purposes, to sit in judgment upon 
matters his incompetence to deal with which is 
patent, it is permissible to ignore his sacerdotal pre- 
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tensions, and to tell him, as one would tell a mere 
common, unconsecrated, layman : that it is not neces- 
sary for any man to occupy himself with problems of 
this kind unless he so choose ; life is filled full 
enough by the performance of its ordinary and 
obvious duties. But that, if a man elect to become 
a judge of these grave questions ; still more, if he 
assume the responsibility of attaching praise or blame 
to liis fellow-men for the conclusions at which they 
arrive touching them, he Avill commit a sin more 
grievous than most breaches of the Decalogue, unless 
lie avoid a lazy reliance upon the information that is 
gathered by prejudice and filtered through passion, 
unless he go back to the prime sources of knowledge 
—the facts of nature, and the thoughts of those wise 
men wlio for generations past have been her best 
interpreters. 
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X. 

ON SENSATION AND THE UNITY OF 
STRUCTUEE OF SENSIFEROUS ORGANS. 

The maxim that metaphysical iiupiiries arc barren of 
result, and that the serious occupation of the mind 
with them is a mere waste of time and labour, finds 
much favour in the eyes of the many persons who 
pride themselves on tlfc possession of sound comnioii 
sense ; and we sometimes hear it enunciated by 
weighty authorities, as if its natural consctpience, 
the suppression of such studies, had tlic force of a 
moral obligation. 

In this case, however, as in some others, tliose 
who lay down the law seem to forget that a wise 
legislator will consider, not merely whetlier his pro- 
posed enactment is desirable, but whether obedience 
to it is possible. For, if the latter question is 
answered negatively, the former is surely hardly 
worth debate. 

Here, in fact, lies the pith of the reply to tliosc 
who would make metaphysics contraband of intellect. 
Whether it is desirable to place a prohibitory duty 
upon philosophical speculations or not, it is utterly 
impossible to prevent the importation of them into 
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tlie mind. And it is not a little curious to observe 
that those who most loudly profess to abstain from 
such commodities arc, all the while, unconscious con- 
sumers, on a great scale, of one or other of their mul- 
titudinous disguises or adulterations. With mouths 
full of the particular kind of heavily buttered toast 
which they affect, they inveigh against the eating of 
plain bread. In truth, the attempt to nourish the 
human intellect upon a diet whicli contains no meta- 
physics is about as hopeful as that of certain Eastern 
sages to nourish their bodies without destroying life. 
Everybody has heard the story of the pitiless micro- 
scopist, who ruined the peace of mind of one of these 
mild enthusiasts by showing him the animals moving 
ill a drop of the water rvith wliieh, in tlio inuocciicy 
of his lieart, he slaked his thirst ; and the unsuspect- 
ing devotee of idain common sense may look for as 
unexpected a shock when the magnifier of severe 
logic reveals the germs, if not the full-grown shapes, 
of lively metaphysical postulates rampant amidst his 
most positive and matter-of-fact notions. 

By way of escape from the metaphysical Will-o’- 
the-wisps generated in the marshes of literature and 
theology, tlic serious student is sometimes bidden to 
betake himself to the solid ground of physical science. 
But the fish of immortal memory, who threw himself 
nut of the frying-pan into the lire, was not more ill 
advised than the man who seeks sanctuary from philo- 
sophical persecution within the walls of the observa- 
tory or of the laboratory. It is said that “ metaphysics ” 
owe their name to the flict that, in Aristotle’s works. 
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questions of pure philosophy arc dealt with imme> 
diatcly after those of physics. If so, the accident 
is happily symbolical of the essential relations of 
things ; for metaphysical speculation follows as closely 
upon physical theory as black care upon the horse- 
man. 

One need but mention such fundamental, and 
indeed indispensable, conceptions of the natural pliilo- 
sopher as those of atoms and forces : or that of attrac- 
tion considered as action at a distance ; or that of 
potential energy ; or the antinomies of a vacuum and 
a plenum; to call to mind the metaphysical back- 
ground of physics and chemistry ; while, in the bio- 
logical sciences, the case is still worse. What is an 
individual among the lower plants and animals ? Arc 
genera and species realities or abstractions ? Is there 
such a thing as Vital Force? or does the name denote 
a mere relic of metaphysical fctichism ? Is the doc- 
trine of final causes legitimate or illegitimate ? These 
are a few of the metaphysical topics which are sug- 
gested by the most elementary study of biological 
facts. But, more than this, it may be truly said that 
the roots of every system of philosophy lie deci) 
among the facts of physiology. No one can doubt 
that the organs and the functions of sensation arc as 
much a part of the province of the physiologist, ns are 
the organs and functions of motion, or those of diges- 
tion ; and yet it is impossible to gain an acquaintance 
with even the rudiments of the physiology of sensation 
without being led straight to one of the most funda- 
mental of all metaphysical problems. In fact, the 
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sensory operations have been, from time immemorial, 
the battle-ground of philosophers. 

I have more than once taken occasion to point 
out that we arc indebted to Descartes, who happened 
to be a physiologist as well as a philosopher, for the 
first distinct enunciation of the essential elements of 
the true theory of sensation. In later times, it is not 
to the works of the philosophers, if Hartley and James 
Mill are excepted, but to those of the physiologists, 
that we must turn for an adequate account of the 
sensory process. Haller s luminous, though summary, 
account of sensation in his admirable ‘‘ Prinipe Liiiem,” 
the first edition of which was printed in 1747, offers 
a striking contrast to the prolixity and confusion of 
thought which prevade Reid’s Inquiry,” of seventeen 
years’ later date.' Even Sir William Hamilton, 
learned historian and acute critic as he was, not only 
failed to apprehend the philosophical bearing of long- 
established physiological truths ; but, when he affirmed 
that there is no reason to deny that the mind feels 
at the finger points, and none to assert that the 
brain is the sole organ of thought,” he showed that 

^ In justice to Reid, however, it should be stated that the chapters 
on sensation in the “Essays on the Intellectual Powers” (1785) exhibit 
a great improvement. lie is, in fact, in advance of his commentator, as 
the note to Essay II. chap. ii. p. 248 of Hamilton’s edition shows. 

^ Haller, amplifying Descartes, writes in the “ Primm Line.T,” 
cccLxvi.— “ Non est adco obscurum sensum oninem oriri ab objecti 
sensibilis impressione in ncrvuin quemcumquo corporis huiuani, et 
eaiudein per euni nervum ad corcbruiu pervcniciitem tunc dcinuin rc- 
presentari animno, quando cerebrum adtigit. Ut etiain hoc falsum sit 
aniinam in^^roxinio per sensoria nervoruniqiie ramos sentirc.’ . . . 
dlvii, — « Diim ergo sentimus quinque diversissima entia conjunguntur : 
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ho had not apprehended the significance of the revo- 
lution commenced, two hundred years before his 
time, by Descartes, and effectively followed up by 
Haller, Hartley, and Bonnet, in the middle of the last 
century. 

In truth, the theory of sensation, except in one 
point, is, at tlie present moment, very much wherii 
Hartley, led by a hint of Sir Isaac Newton's, left it, 
when, a hundred and twenty years since, the “01)- 
servations on ]\ran : his Frame, his Duty, and liis 
Expectations," was laid before the world. The wliolc 
matter is put in a nutshell in the following passages 
of this notable book, 

“External objects impressed upon the senses occasion, first 
on the nerves on wliich tliey are impressed, and then on tlu* 
brain, vilirations of the small and, as we may say, infinitl‘^illl;ll 
medullary particles. 

“ These vibrations are motions backwards and forwards of 
the small particles j of the same kind witli the oscillations of 
pendulums and the tremblings of the particles of soundini^ 
bodies. They must be conceived to be exceedingly short and 
small, so as not to have the least efficacy to disturb or move tlie 
whole bodies of the nerves or brain.” ^ 

“The white medullary substance of the brain is also tlic 

corpus (piod sentiiniis : organ! sensorii adfcctio ah eo corporo : ccrcd)n 
adfextio a sensorii percussione iiata : in anima iiata mutatio ; aniinio 
(leiii<pie conscientia et Rcnsatiouis adperceptio.” Nevertlicdess, bii 
William Ilariiilton gravely informs his hearers : — “ We have no more 
right to deny that the mind feels at the finger points, as conscioiisnct^s 
assures ns, than to assert that it thinks exclusively in the brain. — 
“ Lecture on Mchiphysics and Logic,” ii. p. 128. “ We have no reason 

wliat(ivor to douht the report of consciousness, that we actually perceive 
at the external point of sensation, and that we perceive the material 
reality.” — Ibid. p. 129. 

^ “Observations on Man,” vol. i. p. 11. 
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iinniediato instrument by wliich ideas are presented to the 
mind ; or, in other words, whatever changes are made in this 
substance, corresponding changes are made in our ideas; and 
vice versa." ^ 

Hartley, like Haller, had no conception of the 
nature and functions of the grey matter of the brain. 
Ihit, if for ‘‘ white medullary substance,” in the latter 
paragraph, wc sul)stitute ‘‘grey cellular substance,” 
Hartleys propositions embody the most probable con- 
clusions which are to be drawn from the latest 
investigations of pliysiologists. In order to judge 
how completely tliis is tlic case, it will be well to 
study some simple case of sensation, and, following the 
example of Keid and of James j\lill, we may begin 
witli the sense of smell. fUif)posc tliat I become 
aware of a musky scent, to which tlie name of 
“muskiness” may be given. I call this an odour, 
and I class it along with the feelings of light, colours, 
sounds, tastes, and the like, among those phenomena 
which arc known as sensations. To say that I am 
aware of this phenomenon, or that I have it, or that 
it exists, are simply difterent modes of affirming tlie 
same facts. If I am asked how I know that it 
exists, I can only reply that its existence and my 
knowledge of it arc one and the same thing ; in short, 
that my knowledge is immediate or intuitive, and, as 
such, is possessed of the highest conceivable degree 
of certainty. 

^ Ihid. p. 8. The epcculatioiis of Bonnet are remarkably similar 
to those of Hartley ; and they appear to have originated independently, 
though the “ Essai de Psychologic” (1754) is of live years’ later date 
than the ‘‘Observations on Man” (1749). 
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The pure sensation of miiskiness is almost sure to 
be followed by a mental state which is not a sensation, 
but a belief, that there is somewhere close at hand u 
something on which the existence of the sensation 
depends. It may be a musk-deer, or a musk-rat, or a 
musk-plant, or a grain of dry musk, or simply a 
scented handkerchief ; but former experience leads us 
to believe that the sensation is due to the presence of 
one or other of these objects, and that it will vanisli 
if the object is removed. In other words, there 
arises a belief in an external cause of the muskiiiess, 
which, in common language, is termed an odorous 
body. 

But the manner in which this belief is usually put 
into words is strangely misleading. If we are dealing 
with a musk -plant, for example, we do not confine 
ourselves to a simple statement of that which we be- 
lieve, and say that the musk-plant is the cause of tlie 
sensation called muskiness ; but we say that the plant 
has a musky smell, and we speak of the odour as a 
quality, or property, inherent in the plant. And tlic 
inevitable reaction of words upon thought has in this 
case become so complete, and has penetrated so deeply, 
that when an accurate statement of the case — namely, 
that muskiness, inasmuch as the term denotes nothing 
but a sensation, is a mental state, and has no exist- 
ence except as a mental phenomenon — is first brought 
under the notice of common-sense folks, it is usually 
regarded by them as what they are pleased to call a 
mere metaphysical paradox and a patent example of 
useless subtlety. Yet the slightest reflection must 
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suffice to convince any one possessed of sound reason- 
ing fixculties, that it is as absurd to suppose that 
niuskincss is a quality inherent in one plant, as it 
would be to imagine that pain is a quality inherent 
in another, because we feel pain when a thorn pricks 
the finger. 

Even the common -sense philosopher, par excel- 
lence, says of smell : ‘‘ It appears to be a simple and 
original affection or feeling of the mind, altogether 
inexplicable and unaccountable. It is indeed impos- 
sil)lc that it can be in any body : it is a sensation, and 
a. sensation can only be in a sentient thing/' ^ 

That which is true of niuskiuess is true of every 
other odour. Lavender -smell, clove-smell, garlic- 
smell, are, like ‘‘ muskincss,'* names of states of con- 
sciousness, and have no existence except as such, 
but, in ordinary language, we speak of all these 
odours as if they were independent entities residing 
ill lavender, cloves, and garlic ; and it is not without 
a certain struggle that the false metaphysic of so- 
called common sense, thus ingrained in us, is expelled. 

For the present purpose, it is unnecessary to in- 
quire into the origin of our belief in external bodies, 

^ “ An IiK^iiiry into the Human Miml on the Principles of Common 
Sense,” chap. ii. § 2. Reid alfirras that “ it is genius, and not the want 
of it, that adulterates pliilosophy, and tills it with error and false 
theory and no doubt his own lucubrations are free from the small- 
est taint of the impurity to which he objects. But, for want of 
something more than that sort of “common sense,” which is very 
coinnion and a little dull, the contemner of genius did not notice that 
the admission hero made knocks so big a hole in the bottom of 
“common sense philosophy,” that nothing can save it from fouuder- 

in the dreaded abyss of Idealism. 
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or into that of the notion of causation. Assuminc 
the existence of an external world, there is no diffi- 
culty in obtaining experimental proof that, as a 
general rule, olfoctory sensations are caused by 
odorous bodies ; and we may pass on to the next 
step of the inquiry — namely, how the odorous body 
produces the effect attributed to it. 

The first point to be noted here is another fact 
revealed by experience; that the a])pcarance of the 
sensation is governed, not only by the presence of tlie 
odorous substance, but by the condition of a certain 
part of our corporeal structure, tlie nose. If the 
nostrils are closed, the presence of the odorous sub- 
stance docs not give rise to tlie sensation ; wliilc, 
when they are open, tlie sensation is intensified liy 
the approximation of tlie odorous substance to tli(‘ni, 
and l)y snuffing up tlie adjacent air in siudi a manner 
as to draw it into the nose. On the otlu'r liaiid, look- 
ing at an odorous substance, or ruldiing it on the 
skin, or holding it to the car, does not awaken the 
sensation. Thus, it can be readily established by 
experiment that the perviousness of the nasal passages 
is, in some way, essential to the sensory function ; 
in fact, that the organ of that function is lodged 
somewhere in the nasal passages. And, since odor- 
ous bodies give rise to their effects at considerable 
distances, the suggestion is obvious that something 
must pass from them into the sense organ. What 
is this ‘^something,’^ which plays the part of an in- 
termediary between the odorous body and the sensory 
organ ? 
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The oldest speculation about the matter dates 
back to Democritus and the Epicurean School; and it 
is to be found fully stated in the fourth book of 
Lucretius. It comes to this : that the surfaces of 
bodies are constantly throwing off excessively atten- 
uated films of their own substance : and that these 
films, reaching the mind, excite the appropriate sen- 
sations in it. 

Aristotle did not admit the existence of any such 
material films, but conceived that it was the form of 
the substance, and not its matter, which aftected sense, 
ns a seal impresses wax, without losing anything in the 
})ro(*i‘ss. While many, if not the majority, of the 
Schoolmen took up an intermediate position and 
sujiposed that a something, which was not exactly 
either material or immaterial, and which they called 
an ''intentional species/^ effected the needful com- 
munication between the bodily cause of sensation and 
the mind. 

I)Ut all these notions, whatever may be said for 
or against them in general, are fundamentally defect- 
ive, by reason of an oversight which was inevitable, 
in the state of knowledge at the time in which they 
were promulgated. What the older philosophers did 
not know, and could not know, before the anatomist and 
the physiologist had done their work, is that, between 
the external object and that mind in which they sup- 
posed the sensation to inhere, there lies a physical 
obstacle. The sense organ is not a mere passage by 
which the tenuia simulacra rerum,'^ or the inten- 
tional species” cast off by objects, or the "forms” of 
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sensible things, pass straight to the mind ; on the 
contrary, it stands as a firm and imj)crvious barrier, 
through which no material particle of the world with- 
out can make its way to the world within. 

Let us consider the olfactory sense organ more 
nearly. Each of the nostrils leads into a passage 
completely separated from the other by a partition, 
and these two passages place the nostrils in free com- 
munication with the back of the throat, so that they 
freely transmit the air passing to the lungs when tlio 
mouth is sliut, as in ordinary breathing. The floor of 
each passage is flat, but its roof is a higli arch, the crown 
of which is seated between the orbital cavities of the 
skull, which serve for the lodgment and protection of 
the eyes ; and it therefore lies behind the apparent 
limits of that feature which, in ordinary language, is 
called the nose. From the side walls of the uj)per 
and back part of these arched chambers, certain deli- 
cate plates of bone project, and these, as well as a 
considerable part of the i)artition between tlic two 
chambers, arc covered l)y a fine, soft, moist membrane. 
It is to this “Schneiderian,'' or olfactory, membrane 
that odorous bodies must obtain direct access, if they 
are to give rise to their appropriate sensations ; and it 
is upon the relatively large surface, which the olfactory 
membrane offers, that we must seek for the seat of the 
organ of the olfactory sense. The only essential part 
of that organ consists of a multitude of minute rod- 
like bodies, set perpendicularly to the surface of the 
membrane, and forming a part of the cellular coat, or 
epithelium, which covers the olfactory membrane, as 
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i ho epidermis covers the skin. In tlic case of tlic olfac- 
toiy sense, tli('re can l)c no doiil)t that the Deinocritic 
liyi)othcsis, at any rate for such odorous sul)stanccs 
;i,s musk, lias a good foundation. Infinitesimal par- 
ticles of musk lly o(F from tlie surface of tlie odorous 
body, and, liecoming dilFused tlirough the air, are 
eiirricd into the nasal jiassages, and thenci‘, into the 
olfactory cliamhers, wliere they come into contact, with 
tlie filamentous extremities of the delicate olfactory 
epithelium. 

Jhit this is not all. The ‘‘mind” is not, so to 
speak, upon the other side of the (epithelium. (3n the 
(iontrarv, the inner ends of the olfactory cells are con- 
111 ‘cted with nerve fibres, and tliese nerve fibres, pass- 
ing into the (‘avity of the skull, at length end in a 
part of the lirain, the olfa<Tory sensorium. It is 
('citain that the integrity of each, and the physical 
Iiit(‘r-connectiou of all these three striu^tures, the 
('IjitliC'lium of the scuisory organ, the nerve fibres, 
and the sensorium, arc (‘ssential conditions of oi“dinary 
f^ensation. That is to say, tin; air in the olfactory 
''hainbers may be (karg(‘d with particles of musk ; but, 
it (3ithcr the (Epithelium, or tlui nerve filires, or the sen- 
soriiim is injured, or if tliey are physically disconnected 
from one another, sensation will not arise. ]\roreover, 
lh(3 epithelium may lx* said to be roce[)tive, the nerve 
fibres transmissive, and the simsorium sensifacient. 

ill th(‘ act of simdling, tin' partichvs of theoihn’ous 
^iibstatK'e prodiu'c a, molecular (‘hange (which llarthy 
in all pi’obability right in t(‘rming a vibration) in 
Ibc. cj)ithcliuni, and this change being transmitted to 
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tliG nerve fibres, passes along them witli a measnraljlc 
v^elocity, aiul, finally rcaeliing the sensoriiuu, is imme- 
diately followed by the sensation. 

Thus, modern investigation supplies a represonP 
ative of the Epicurean simulacra in the volatile 
particles of the musk ; but it also gives us the stain] ) 
of the particles on the olfactory epithelium, without 
any transmission of matter, as the erpiivalent of tlic 
Aristotelian ‘‘form;'' while, finally, the modes of 
motion of the molecules of the olfactory cells, of llu‘ 
nerve, and of the cerebral sensorium, which are 
Hartley's vibrations, may stand very well fora doul)lc 
of the “intentional species" of the Schoolmen. And 
this last remark is not intended merely to suggest ii 
fanciful })arallcl ; for, if the cause of the sensation is, 
as analogy suggests, to be sought in the mochi of 
motion of the object of sense, tlu*n it is (piite jiossildc 
that the particular mode of motion of the object is re- 
])roduced in the sensorium ; exactly as the diaphragm 
of a telephone reproduces the mode of motion taken u[) 
at its receiving end. In other words, the secondary 
“intentional species" may be, as the Schoolmen thouglit 
the primary one was, the last link between matter and 
mind. 

None the less, however, does it remain true that 
no similarity exists, nor indeed is conceivable, between 
the cause of the sensation and the sensation. Attend 
as closely to the sensations of muskiness, or any other 
odour, as we will, no trace of extension, resistance, ei‘ 
motion is discernible in them. They have no attri- 
buie in common with those whhdi we ascribe to 
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matter ; they are, in the strictest sense of the words, 
immaterial entities. 

Thus, the most elementary study of sensation 
justifies Descartes’ })Osition, that we know more of 
mind than we do of body ; that the immaterial world 
is a firmer reality than Ihc material. For the sensa- 
tion ‘‘muskiness” is known immediately. So long as 
it persists, it is a part of what we call our thinking 
selves, and its existence lies beyond the possibility of 
doubt. The knowh‘(lg(‘ of an objective or material 
('iiiise of the sensation, on the other hand, is nuidiate; 
it is a. beli(‘f as contradistinguished from an intuition; 
and it is a belief whi(di, in any given instance of 
s(uisation, may, by possibility, be devoid of foundation, 
hor odours, like other semsatiohs, may arise from the 
()('(aiiTence of the a])])ro])riate molecular changes in 
the nerv(‘ or in tln^ sensorium, by the operation of a 
cause distinct fiuni the aflection of the sense organ by 
an odoroiis body. Such “subjective” sensations are 
as real existences as any others, and as distinctly 
suggest an external odorous object as their (xausc ; but 
the belief thus generated is a delusion. And, if 
beliefs are properly termed “testimonies of conscious- 
ness,” then imdoul)tedly the testimony of consciousness 
inay be, and often is, untrustworthy. 

Another very imi)ortant consideration arises out of 
the foots as they are now known. Tliat which, in the 
nhsence.of a knowledge of tin* physiology of sensation, 
've call the cause of the siiu*ll, and term the odorous 
nhject, is only siudi, mediately, by reason of its eiiiit- 
^hig particles which give rise to a nuMle ot motion in 
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the sense organ. The sense organ, again, is only a 
mediate cause by reason of its prodiK'ing a molecular 
change in the nerve fibre ; while tliis last change is 
also only a mediate cause of sensation, depending, iis 
it does, upon the change which it excites in the 
sensorium. 

The sense organ, the nerve, and the sensorium, 
taken together, constitute the sensiferous appaiutiis. 
They make up the thickness of the wall between the 
mind, as I’cprcsented by the sensation muskiiu'ss,” 
and the object, as reju'csmited by the particle of musk 
in contact with the olfactory ei>ith(‘lium. 

It will be obs(‘rved that the s(*nsifer()us wall iUid 
the external world arc of the same nature; whatever 
it is that (constitutes tlicm both is expressible in t(a‘ins 
of matter and motion. Whatever changes take place 
in the sensiferous a]»]>aratus arc ('ontinuous with, and 
similar to, those wlihdi take jdace in the cxtc'ninl 
worldd Jhit, with the sensorium, matter and motion 


^ TliC! following (liagriiminalic may lielp tu oluciilale tlu* 

tlieoiy of sensation ; — 

Mtdutf Kiiowlcl'^'C 


Sriisifnoim Aii|ianiliis 


Ku(iuli''i'4r 


Olijff’ts of Sfosc 


Ilypolhciioal 

of 

Matter 


Uccipluc Traii'-tiirsuo Ht iiMlicatory I Sni.salmii'' .'iii'i 
(S( iKSu Urj^aii) (SL'iiSdiiiini) otlici Stales ol 

L'ollseinUslli'sS 

I lFjiH)llit'lie:il 
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come to an end ; ivliilc plienomena of another order, 
or immaterial states of consciousness, make their 
uppearancG. How is the relation between the material 
tiiid the immaterial phenomena to be conceived? 
This is the metaphysical prol)l(*m of i)roblems, and 
the solutions which have been suggested have been 
made the corner-stones of systems of philosophy. 
Tlirce mutually irreconcilable readings of the riddle 
have been offered. 

The first is, that an immaterial substance of mind 
(‘xists ; and that it is affected 1)y the mode of motion 
of tlic sensorium in such a way as to give rise to the 
s(‘iisation. 

The second is, that the sensation is a direct effect 
of the mode of motion of flic sensorium, brought 
al)out without the intervention of any substance of 
mind. 

The third is, that the sensation is neilher direetly 
nor indirectly an effect of the mode of motion of the 
sensojaum, l)ut that it has an indi'pendent cause. 
Properly s})eaking, therefore, it is not an effect of 
the motion of the sensorium, but a concomitant of it. 

As none of these hypotlu'ses is capable of even 
nil approximation to demonstration, it is almost need- 
less to remark that they have been severally held with 

to lliG ])licuoinoiia of mind. Kiiowledgo of the physical world, 

of one’s own body {lud of ohjocts external to it, is a system of 
I'cliefs or judj^rineiits l)ased on the sensations. The term “self" is 
'‘Hriiod not only to the series of mental phenomena which con.^titute, 
the e<r(,^ of the physical world which is their con- 

stant concomitiiiit. The corporeal self, therefore, is part of the non- 
‘oO ; and is ohjcctive in relation to the ol»o as siihj('ct. 
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tenacity and advocated with passion. I do not think 
it can be said of any of the three that it is inconcciv- 
al)le, or that it can be assumed on d piori grounds 
to be impossible. 

Consider tlic first, for example ; an immaterial 
substance is perfectly conceivable. In fact, it is 
obvious that, if we possessed no S(;nsations but tlioso 
of smell and hearing, we should be unable to conceivii 
a material substance. We might have a conception 
of time, but could have none of extension, or of resist- 
ance, or of motion. And without the three latter 
conceptions no idea of matter could be formed. Our 
whole knowledge would be limited to that of a sliift- 

O 

ing succession of immaterial p)henomena. Hut, if an 
immaterial substance hiay exist, it may have any 
conceivable p)ropcrties ; and sensation may be one of 
them. All these pmjpositions may be affirmed witli 
compkite dialectic safety, inasmuch as they cannot 
pmsibly be dispu’oved ; but neither can a p)aiiiele of 
d(anonstrativ('. evhhaice be olfered in favour of tlic 
existence of an immaterial substance. 

As regards the second hyp)othesis, it certainly is 
not inconceivable*, and therefore it may be true, that 
sensation is the direct ellect of certain kinds of bodily 
motion. It is just as easy to su})pose this as to sup- 
pose, on the former hypothesis, that bodily motion 
affects an immaterial substance. Hut neither is it 
susceptible of p)roof. 

And, as to the third hypothesis, since the logic of 
induction is in no case competent to puovc tliut 
events apparently standing in the ndation of cause 
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arid effect may not both be effects of a common cause 
— that also is as safe from refutation, if as iinaipable 
of demonstration, as the other two. 

Ill my own opinion, iicitlicr of tlicsc speculations 
can be i*ogarded seriously as anything lint a more or 
less convenient working hypothesis. But, if I must 
(‘lioosc among tliem, I take the “ law of parcimoiiy ” 
for my guide, and select the simplest — namely, that 
the sensation is the direct efteet of tlic mode of 
motion of the sensorium. It may justly be said that 
tliis is not the slightest exjdanation of sensation ; but 
then am I really any the wiser, if I say that a sensa- 
tion is an activity (of which T know nothing) of a 
substance of mind (of which also I know nothing) ? 
Or, if I say that the Deity causes the sensation to 
ai’ise in my mind immediately after lie has caused 
the particles of the sensorium to move in a certain 
way, is anything gained? In truth, a sensation, as 
we have already seen, is an intuition — a part of 
inmiediate knowledw. As such, it is an ultimate fact 
and inexjdicable ; and all that we can hope to find 
out about it, and that indeed is worth finding out, is 
its relation to other natural facts. That relation 
appears to me to lie sufliciently expressed, for all 
])ractieal purposes, by saying that sensation is the 
invariable consccpient of certain changes in the sen- 
sorium — or, ill other words, that, so far as we know, 
the change in the sensorium is the cause of the 
sensation. 

I permit myself to imagine that the untutored, it 
^'^►blc, savage of coiimioii sense '' who has been misled 
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into readiDg thus far by the hope of getting positive 
solid information about sensafion, giving way to not 
unnatural irritation, may here interpellate : The 
upshot of all this long disquisition is that we are 
profoundly ignorant. We knew that to bi'giii with, 
and you have merely furnished another cxamj)le of 
the emptiness and uselessness of metaphysies.’^ ]>ut 
I venture to reply, Pardon me, you were ignorant, l)iit 
you did not know it. On tbe contrary, you 
you knew a gr('at deal, and were (juite satislied with 
the particularly al)surd meta[)hysical notions whidi 
you were pleased to call the tea('hings of cominoii 
sense. You thought that your sensations were pi‘o- 
})erties of external things, and had an existeiiro 
outside of yourself. *You thought that you knew 
more about material than you do about iminaltainl 
existences. And if, as a wise man has assured us, 
the knowledge of what we don’t kjiow is the lU'xt 
best thing to the knowledge of what we do know, 
this brief excursion into the province of philosophy 
has been highly [)rolitable. 

Of all the dang(;rous meiital lialhts, that which 
schoolboys call ‘‘cocksureness” is probably the most 
])erilous ; and the inestimalde value of metaphysical 
discipline is that it furnishes an eliectual counterpoise 
to this evil jmoedivity. Whoso has mastered the 
elements of ])hilosophy knows that the attribute of 
uiKjucstionable certainty a])pertains only to the ex- 
istence of a state of consciousness so long as it exists ; 
all other beliefs are mere prol)abilities of a higher 
or lower order. Sound metaphysic is an amulet 
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which renders its possessor proof alike against the 
poison of superstition and the counter-})uison of 
nihilism ; by showing that tho aiiirmations of the 
former and the denials of the latter alike deal with 
matters about which, for lack of evidence, nothing 
can be either affirmed or denied. 

I have dwelt at length upon the nature and origin 
of our sensations of smell, on account of the compara- 
tive freedom of the oHiudory sense from the compli- 
cations which arc met with in most of tho other 
senses. 

Sensations of taste, however, are generated in 
almost as simple a fashion as those of smell. In this 
case, the sense organ is the epithelium which covers 
the tongue and the palate : and which sometimes, 
be(*oiiiing modified, gives rise to peculiar organs 
termed ‘‘ gustatory bulbs,’' in which the epithelial cells 
elongate and assume a somewhat rod-like form. Nerve 
iibres conuec^t the sensory organ with the sensorium, 
and tastes or llavours are states of consciousness 
caused by the change of molecular state of the latter. 
In tlic case of the sense of touch there is often no 
«ense organ distinct from the general epidermis. But 
many iishes and amphibia exhibit local modifications 
el the epidermic cells which are sometimes extra- 
ordinarily like the gustatory bulbs ; more commonly, 
both in lower and higher animals, the elFect of the 
eoiitactof external bodies is intensified l)y the develop- 
ment of hair-like filaments, or of true liairs, the bases 
of which are in immediate relation with the ends of 
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the sensory nerves. Every one must have noticed 
the extreme delicacy of the sensations produced by 
the contact of bodies with tlic ends of the hairs of the 
head; and the “whiskers’^ of cats owe their functional 
importance to the abundant supply of nerves to the 
follicles in which their bases are lodged. AVhat part, 
if any, tlie so-called ''tactile corpuscles,” " end bulbs,*' 
and " Pacinian bodies,” play in the mechanism of toucli 
is unknown. If they are sense organs, they are 
exceptional in character, in so far as they do not 
a})pear to l)e modifications of the e})idermis. Nothing 
is known respecting the organs of those sensations of 
resistance whicli are grouped under the head of tlie 
muscular sense ; nor of the sensations of warmth and 
cold ; nor of that very singular sensation which we 
call tickling. 

In the case of heat and cold, the organism not 
only becomes affected hy external bodies, far more 
remote than those which affect the sense of snuill; 
but the Democritic liypotlicsis is ol)viously no longer 
permissible. When the direct rays of the sun fall 
ui)ou the skin, the sensation of heat is certainly not 
caused l)y “ attenuated films ” thrown off from that 
luminary, Imt is due to a mode of motion which is trans- 
mitted to us. In Aristotelian phrase, it is the forni 
witliout the matter of the sun whicli stamps the s(‘nsc 
organ ; and this, translated into modern language, 
means nearly the same thing as ffartloy’s vibrations. 
Thus we are prepared for what happens in the case of 
the auditory and the visual senses. For neither the 
car, nor the eye, receives anything but the impulses or 
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vibrations originated by sonorous or luminous bodies. 
Never tlicless, the receptive apparatus still consists of 
nothing but specially modified cpitlielial cells. In the 
]{il)yrintli of tlic car of the higlicr animals, the free 
ends of these cells terminate in excessively delicate 
hair-like filaments; while, in the lower forms of 
auditory organ, its free surfiice is beset with delicate 
liairs like those of the surface of the body, and the 
transmissive nerves arc connected with the bases of 
these hairs. Thus there is an insensible gradation in 
the forms of tlie receptive apparatus, from the organ 
of touch, on the one hand, to those of taste and smell; 
and, on the other hand, to that of hearing. Even in 
tlio case of the most refined of all the sense organs, 
that of vision, the receptive apparatus departs but little 
from the general type. The only essential constituent 
of the visual sense organ is the retina, which forms so 
small a part of the eyes of the higher animals ; and 
the simplest eyes are nothing but portions of the 
integument, in which the cells of the epidermis have 
become converted into glassy rod-like retinal corpuscles. 
The outer ends of these are turned towards the light ; 
their sides are more or loss extensively coated with 
a dark pigment, and their inner ends are connected 
with the transmissive nerve fibres. The light, imping- 
big on these visual rods, produces a change in them 
wliich is communicated to the nerve fibres, and, being 
transmitted to the sensorium, gives rise to the sensa- 
tion — if indeed all animals which possess eyes are 
endowed with what wo understand as sensation. 

In the higher animals, a comj)lieatcd apparatus of 
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lenses, arranged on tlio principle of a camera obscurii, 
serves at once to concentrate and to individualise the 
pencils of light proceeding from external bodies. But 
the essential part of the organ of vision is still a hiyei* 
of cells, whicJi have the form of rods with truncated or 
conical ends. By what seems a strange anomaly, 
however, the glassy ends of these arci turned nut 
towards, but away from, the light ; and the hitter hiis 
to traverse the layer of nervous 1 issues with wliidi 
their outer ends are connected, before it can allei't 
them. jMoreover, the rods and cones of the vertel)rale 
retina are so deeply seated, and in many respects so 
])eeuliar in character, that it ai>i)cars impossible, at 
first sight, that they can have anything to do with 
that epidermis of which gustatory and tactile, and at 
any rate tlui lower forms of auditory and visual, 
organs arc obvious modifications. 

Whatever be the apparent diversities among the 
sensiferous apparatuses, however, they share certain 
common eharaeders. Each consists of a rec(‘ptiv(‘, a 
transmissive, and a sensificatory portion. The essen- 
tial part of the first is an epithelium, of the second, 
nerve fibres, of the third, a part of the brain ; the sensa- 
tion is always the conseipience of the mode of motion 
excited in the receptive, and sent along the trans- 
missive, to the sensificaitory part of the sensiferous 
a})paratus. And, in all the sens(‘s, there is no lih^‘" 
ness whateviT l)etwecii the obj(5ct of sense, wjiieh 
matter in motion, and the sensation, which is an 
immaterial phenomenon. 

On the hyjKjthesis which app(‘ars to me to In? 
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most convenient, sensation is a product of tlie sensifer- 
ous apparatus caused by certain modes of motion 
wliicli are set up in it by impulses from witliout, 
Tlie sensiferous apparatuses are, as it were, factories, 
all of which at the one end receive raw materials 
of a similar kind — namely, modes of motion — while, 
at the other, each turns out a specaal i)roduct, the 
feeling which constitutes the kind of sensation cliarac- 
liTistic of it. 

Or, to make use of a closer comparison, each 
sensiferous a])paratus is comparable to ii musical-box 
wound up ; witli as many tunes as tlnn’c arc separate 
sensations. The object of a simple sensation is tlie 
agent Avhich j)resscs down the stop of one of tliesc 
tunes, and the more feeble theugent, the more delicate 
must l)e the mobility of the stopd 

])Ut, if tliis be true, if the recipient part of the 
sensiferous apparatus is, in all cases, nu^rely a mechan- 
ism afleeted by coarser or fnier kinds of material 
motion, we might ex})ect to find tliat all sense organs 
are fundamentally alike, and result from the modifica- 
tion of the same morphological elements. And this is 
exactly what does result from all recent histological 
and emlnyological investigations. 

It has been seen that the receptive part of the 
olfactory apparatus is a slightly modiricd epithelium, 
whicli lines an olfactory chamber deeply seated l)etween 
die orbits in adult human beings. Ihit, if we trace 
hack the nasal (haml)ers to tlu'ir origin in the embryo, 

^ “Charlie li])rc cst iino espoco •!(' toudio on do niaiU-au dostiiui ii 
naulnmii CLTtaiii ton.” -lioiuu’t, “ Essai do Psyoliot'an*,” oliap. iv. 
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we find, that, to begin with, they are mere depressions 
of the skin of the fore part of the head, lined by a 
continuation of the general epidermis. These depres- 
sions become pits, and tlie pits, by the growtii of tlie 
adjacent parts, gradually acquire tlie position wliieli 
they finally occupy. The olfactory organ, therefore, 
is a specially modified part of the general integument. 

The human ear would seem to present great(‘r 
difficulties. For the essential part of the sense organ, 
in this case, is the membranous lal)yrintli, a bag of 
complicated form, which li(‘S buried in the d(q)ths of 
the floor of the skull, and is surrounded by densi! aii<l 
solid bone. H(‘re, however, recourse to iho study of 
development readily unravels the mystiuy. Shortly 
after the time when thV3 olfiictoiy organ appears, as a 
depression of the skin on the side of the hu’e ])art of 
the head, the auditory organ appears as a similar de- 
pression on the side of its back part. The d(‘pressioi), 
rapidly deepening, liecomes a small pouch ; and tlaai, 
the communication with the exterior becoming shut 
off, the pouch is con verbal into a closed bag, i\w 
epithelial lining of which is a part of the geiu'ral 
epidermis segregated from the rest. The adjaceiit 
tissues, changing first into cartilage and then into 
bone, enclose the auditory sac in a strong case, iu 
which it undergoes its further metamorphoses ; while 
the drum, the ear bones, and the external ear, are 
superadded by no less extraor<linary modifications of 
the adjacent parts. Still more marvellous is tie' 
history of the. development of the orgjin of visi(Mi. 
In the ])lace of the ey(;, as in that of th(‘ nose and 
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that of the car, the young embryo pi’oscnts a depres- 
sion of the general integument ; but, in man and tlie 
higher animals, this docs not give rise to the proper 
sensory organ, but only to part of the accessory 
structures concerned in vision. In fact, this depres- 
sion, deepening and becoming converted into a shut 
sac, produces only the cornea, the aqueous humour, 
and the crystalline lens of the perfect eye. 

The retina is added to this by the outgrowth of 
the wall of a portion of the brain into a sort of bag, or 
sac, with a narrow neck, the convex bottom of which 
is turned outwards, or towards the crystalline lens. 
As the development of the eye i)rocecds, the con- 
vex bottom of the bag becomes pushed in, so that it 
gradiudly obliterates the cavity of the sac, the pre- 
viously convex wall of whiidi becomes deeply concave. 
The sac of the brain is now like a double nightcap 
ready for the head, but tlie place which the head 
would occupy is taken by tlie vitreous humour, while 
the layer of nightcap next it l)ecomes the retina. The 
cells of this layer which lie birthcst from the vitreous 
humour, or, in other words, bound the original cavity 
of the sac, are metamorphosed into the rods and cones. 
Suppose now tliat the sac of the brain could be brought 
hack to its oriefimal form ; then the rods and cones 
would form part of the lining of a side pouch of the 
brain. But one of the most wonderful revelations of 
cnibryology is the ju’oof of the fa(‘t that the brain 
its(ilf is, at its first Ix'giiining, merely an infolding of 
the epidermic layer of the general integument. Hence 
it follows that the rods and cones ol the vertebrate 
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cyo are modified epidermic cells, as mucli as the 
eiystalline cones of tlic insect or crustacean eye are ; 
and tliat the inversion of tlic position of tlie former in 
relation to light arises simply from the roundabout 
way in which the vertebrate retina is developed. 

Thus all the higher sense organs start from one 
foundation, and the receptive epithelium of the cyo, 
or of the car, is as much modified epidermis as is that 
of the nose. The structural unity of the sense organs 
is the morphological parallel to their identity of 
physiological function, which, as we have seen, is to 
be impressed by certain modes of motion ; and tlioy 
arc fine ov coarse, in proportion to the delicacy or the 
strength of the impulses by which tln^y arc to hv. 
affected. 

In ultimate analysis, then, it appears that a sensa- 
tion is the equivalent in terms of consciousness for a 
mode of motion of the matter of the sensoriiim. Ihit, 
if impiiry is pushed a stage farther, and the qin'stioii 
is asked. What then do we know al)out matter ami 
motion? th(*re is but one reply possible. All that 
we know about motion is that it is a name for certain 
changes in the relations of our visual, tactile, ami 
mus(ailar sensations; and all that wc know about 
matter is that it is tlic liypotheticuil substance of 
physical phenomenta — the assumption of the existence- 
of which is as pure a piece of meta])hysical speculation 
as is that of tlie existence of tlie substance of mind. 

Our sensations, ouf pleasures, our pains, and tln^ 
relations of these, make up the sum total of ihe 
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elements of positive, unquestionable knowledge. We 
call a large section of these sensations and their 
relations matter and motion ; the rest we term mind 
and thinking ; and experience shows that there is a 
certain constant order of succession between some of 
the former and some of the latter. 

This is all that just metaphysical criticism leaves 
of the idols set up by the s})urious metaphysics of 
vulgar common sense. It is consistent either with 
pure Materialism, or with pure Idealism, but it is 
neither. For the Idealist, not content with declaring 
the truth that our knowledge is limited to facts of 
(‘onsciousness, affirms the wholly improvable proposi- 
tion that nothing exists l)eyond these and the substance 
of mind. And, on the other .»haiid, the Materialist, 
holding by the truth that, for anything that appears 
lo tlic contrary, material phenomena are the causes of 
mental phenomena, asserts his improvable dogma, that 
material phenomena and the substance of matter are 
the sole primary existences. 

Strike out the propositions about which neither 
controversialist does or can know anything, and there 
is notliing left for them to quarrel about. Make a 
desert of the Unknowable, and the divine Astrsea of 
philosophic peace will commence her blessed reign. 


T 
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EVOLUTION IN BIOLOGY.^ 

In the former half of the eighteenth century, the term 
** evolution ” was introduced into biological writings, in 
order to denote the mode in which some of the most 
eminent idiysiologists of that time conceived that 
the generation of living things took place ; in opposi- 
tion to the hypothesis advocated, in the preceding 
century, by Harvey in that remarkable work ’ which 
would give him a claim to rank among the founders 
of biological science, even had he not been the dis- 
coverer of the circulation of the blood. 

One of Harvey’s prime objects is to defend and 
establish, on the basis of direct observation, the 
opinion already held by Aristotle ; that, in the higlier 
animals at any rate, the formation of the new organism 
by the process of generation takes place, not suddenly, 
l)y simultaneous accretion of rudiments of all, or of tlic 
•most important, of the organs of the adult; nor hy 
sudden metamorphosis of a formative substance into a 
miniature of the whole, which subsequently grows; 
but by epijjenesisy or successive diflerentiation of a 

' The “Exercitaliones de Qcneratione Aniiiialium,” which Dr. George 
Ent extracted from liiiii and published in 1651. 
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relatively homogeneous rudiment into the parts and 
structures which arc characteristic of the adult. 

“Efc prim6, quidem, qiioniam per epigenesin sivo partium 
.supcrcxorieiitiiini additamentiiin pullum fabricari cerium est: 
quainam pars ante alias omnos exstriiatur, et quid de ilia ej usque 
generandi mode observandiun veniat, dispiciemus. Katum sane 
est et in ovo nianifcst6 apparet quod Aristofeles de pcrfectorum 
animalium generatione enuntiat: nimirura, non oiniies partes 
siniul fieri, sed ordino aliam post aliani; priniumque existere 
particulam genitalcni, cujus virtute postea (tanquam ex principio 
(piodain) ri'liquic omnes partes prosiliant. Qualeni in plantariim 
seininibus (fabis, pul{\, aut glandibiis) gcuniuam sive apieem pro- 
tuberantem cernimus, totius futura) arboris principiiim. Esfque 
hd'c parthiJa vchit film emundpatns scvrsnmgue colloratiis, et priii' 
eijdiiiii per se viirns; unde postea memhrorum ordo descrihltur ; et 
(juarunque ad alsolrendunh an'nnal pertinent ^ disponuntur} Quoniam 
enim nulla pars se i 2 )sam generat; sed postquam generata est, se psahi 
jam auget ; ideo earn prhnhm oriri nccesje est, quee prlnciphm aiigendi 
eontincaf (sive enim planta, sive animal est, wque omnibus inest quod 
rim haheat vegetandi, sive nntriendi)^^ siniubpie reliquas omnes 
partes suo quaniquo online distinguat et formet ; proindeque in 
ead(‘m primogenita particula aniina priniario inest, sensus, mo- 
tiisque, et totius vita3 auctor et principium.” (Exercitatio 51.) 

Iliirvoy pu’occods to contrast this view with that of 
the ‘‘ Medici/' or followers of Hippocrates and Galen, 
Avho, “ badly philosophising,” imagined that the brain, 
the heart, and the liver were simultaneously first 
generated in the form of vesicles; and, at the same 
time, while expressing his agreement with Aristotle in 
the principle of epigenesis, he maintains that it is the 
blood which is the primal generative part, and not, as 
Aristotle thought, the heart. 

In the latter part of the seventeenth century, the 

^ “ De Generatione Animalium,” lib ii. cap. x. 

2 « De Generatione,” lib. ii. cap. iv. 
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doctrine of epigenesis, thus advocated by Harvey, was 
controverted, on the ground of direct observation, by 
Malpighi, who affirmed that the body of the chick is 
to be seen in the egg, before the pimctum sanguineum 
makes its appearance. But, from this perfectly correct 
observation a conclusion which is by no means 
warranted was drawn ; namely, that the chick, as a 
whole, really exists in the egg antecedently to incuba- 
tion ; and that what happens in the course of the latter 
process is no addition of new parts, “ alias post alias 
natas,’’ as Harvey puts it, but a simple expansion, (»r 
unfolding, of the organs which already (ixist, tlioiigli 
they arc too small and inconspicuous to be discovered. 
The weight of ]\lalpighi’s observations therefore fell 
into the scale of that doctrine which Harvey terms 
metamorphosis^ in contradistinction to epigenesis. 

The views of Malpighi were warmly welcomed, on 
philosophical grounds, by Leibnitz,' who found in tlii'in 
a support to his hypothesis of monads, and by Male- 

' “ Cependunt, pour revenir aux formes ordliiaires ou anx aiiK's 
muU'rielles, cettu duroc fpi’il leur faiit attribuer h. la place de cellc (lu’ou 
avoit attribute aux atoiues pourroit fiire douter si dies ne vuni pats tb' 
corps en corps ; ce qui seroit la iiietempsycbose, a pen pres cunmic 
qucbiiios pliilosoplics out cru la traiismis.'«ion du mouvemont et colli'. <Ies 
especes. Mai.s cette imagination est bien eloignec de la nature dos 
cbose.s, 11 n’y a point de tel pa.sfwige ; et c’e.st ici oil les transforinalions 
de Mes.sieurs Swammerdam, Malpighi, et Leewenhock, qui sent ibs phis 
excellens ob.servateur,s de notre terns, .sont venues mon sccours, et 
m’ont fait udmettre plus aiseinent, que I’animal, et toute autre substance 
organisec ne commence point lonsquc nous Ic croyons, et que sa genera- 
tion apjMireiite n’est qu’une devcloppement et uiie espbcc d’augnienta- 
tion. Aussi ai je remarque que Tauteur de la “ Recherche de la Vcrito, 
M. Regis, M. Hartsoeker. et d’autres habiles hommes n’ont pas ot^ 
eloign(?s de ce sentiment,” Leibnitz, Systeme nouveau do la Nature, 
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branclie;^ while, in the middle of the eighteenth 
century, not only speculative considerations, but a 
great number of new and interesting observations on 
the phenomena of generation, led the ingenious 
Bonnet, and Haller,^ the first physiologist of the age, 
to adopt, advocate, and extend them. 

Bonnet affirms that, before fecundation, the hen's 
egg contains an excessively minute but complete chick ; 
and that fecundation and incubation simply cause this 
germ to absorb nutritious matters, which arc deposited 
in the interstices of the elementary structures of which 
the miniature chick, or germ, is made up. The con- 
sequence of this intussusceptive growth is the de- 
velopment" or ‘‘evolution" of the germ into the 
visible bird. Thus an orgahised individual (tout 
organises) “is a composite body consisting of the 
original, or elementary^ parts and of the matters 
wliich have been associated with them by the aid of 
nutrition so that, if these matters could be extracted 
from the individual X^out), it would, so to speak, 
become concentrated in a point, and would thus be 

1G95. The doctrine of “ Eiaboitement” ia contained in the “ Considera- 
tions sur le priiicipe de vie,” 1705 ; the preface to tlie “ Tlieodicee,” 
1710 ; and the “Principes de la Nature et de hi Grace” (§ 6), 1718. 

^ “ II cst vrai que la ponsee la plus raisonnable ct la plus confornie 
a I’cxperiencc siir cette question trc*s difticilc do la formation du foetus ; 
c cst que les enfans sont deja presque tout formes avant memo Taction 
par laquelle ils sont coiifus ; ct que leui’S m6res no font quo leur dormer 
1 ^iccroisseinent ordinaire dans le temps de la grossesse.” “ De la 
llecliercltp de la Veritt^,” livre ii. chap. vii. p. 334, 7th ed., 1721. 

The writer is indebted to Dr. Allen Thomson for reference to the 
tividence contained in a note to Haller’s edition of Boerluuive’s “ Pradec- 
tiones Acadeniica*,” vol. v. pt. ii. p. 497, published in 1744, that Haller 
originally advocated epigenesis. 
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restored to its primitive condition of a germ ; “just as 
by extracting from a bone tbe calcareous substance 
which is the source of its hardness, it is reduced to its 
primitive state of gristle or membrane.”^ 

‘‘Evolution’^ and “development” are, for Bonnet, 
sjmonymous terms ; and since by “ evolution ” he 
means simply the expansion of that which was invisible 
into visibility, he was naturally led to the conclusion, 
at which Leibnitz had arrived by a diflerent line of 
reasoning, that no such thing as generation, in tlie 
proper sense of the word, exists in nature. The 
growth of an organic being is simply a process of 
enlargement, as a parthde of dry gelatine may he 
swelled up by the intussusception of water ; its death 
is a shrinkage, such as Uie swelled jelly might under- 
go on desiccation. Nothing really new is produced in 
the living world, but the germs which develop have 
existed since the beginning of things; and nothing 
really dies, but, when what we call death takes place, 
the living thing shrinks l)ack ii^to its germ state.^ 

^ Considerations siir les Corps organises,” chap. x. 

2 Bonnet had the courage of lii.s opinions, and in tlie “ Palingciirsic 
Pliilfjsopl)i(pie,” part vi. cliap. iv., he develops a liypothcsis which he 
terms “ evolution naturelle and which, making allowance his 
peculiar views of the nature of generation, hears no small resemhliincc 
to what is understood by “evolution” at the present day : — 

“Si la volontu divine a cree par nn eeul Acte rUiiiversalite dos 
etres, d’oii venoient ces i)lante9 ct ccs aniniaux dont Moyse nous deent 
la Production au troisieme ct au cincpiiemc jour du renouvellemeiit de 
noire nioiide ? 

“ Abuserois-jc de la liberte dc conjectures si je disois, que les Phinl^'f* 
et les Animaux qui existent aiijourd’hui sont parvenus par unc suite 
d’evoluiion naturelle des Etres organises qui peuphiient ce premier 
Monde, sorti iinmediatement des Mains du Cueatbur ? . . . 
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The two parts of Bonnet’s hypothesis, namely, the 
doctrine that all living things proceed from pre-exist- 
ing germs, and that these contain, one inclosed within 
the other, the germs of all future living things, which 
is the hypothesis of emhoitement and the doctrine 
that every germ contains in miniature all the organs 
of the adult, which is the hypothesis of evolution or 
development, in the primary senses of these words, 
must be carefully distinguislied. In fact, while hold- 
ing firmly by the fornuT, Bonnet more or less modified 
the latter in his later Avri tings, and, at length, lie 
admits that a “ germ ” need not be an actual miniature 
of the organism; but that it may be merely an 
“original prefornuition ” capable of producing the 
latter.^ , * 

But, tlius defined, the germ is neither more nor 
less than the “ particula genitalis ” of Aristotle, or the 
“ primordium vegetalc ” or “ ovum ” of Harvey ; and 
tlie “evolution” of such a germ would not be dis- 
, tinguishable from “ epigenesis.” 

Supported by the great authority of Haller, the doc- 

“ No su])posons que trois revolutions. La Terre vient ile sortir dcs 
^Iains (111 Ckeatkuk, l^es causes preparees i)ar sa Sauesse font 
(luvelopper tie toutes parts Ics Gerines. Les Etres organises comnieiu'ent 
a joiiir tic I’existence. Us etoient probablenient alors bieu tlilfei’cns do 
ce tpi’ils sent aujourtVliui. Its I’etoieut autant que ce premier ^Iondi‘ 
dilferoit de celui que nous liabitons. Nous manquons do inoycns pour 
juger de ccs dissemblances, et peut-etre (pie le jilus habile Naturaliste 
Ta auroit plac(5 dans ce premier Monde y aiiroit entici*ement 
meconnu.nos Plantes et nos Animaux.” 

^ “ Ce mot (germe) nc dcsignera pas seulement iin corps organise 
r^duit en petit ; il dcsignera encore toute espccc de prejomatwn orujimlle 
dont un Tout organique pent remlter comme de soil principe imm^iat ,*^ — 
‘ PaUng(Jn(3sie Philosophiqiic,” pirt x. chap. ii. 
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trine of evolution, or development, prevailed tlirougli- 
out the Avliole of the eighteenth century, and Cuviou 
appears to have substantially adopted Bonnet's later 
views, though probably he would not have gone all 
lengths in the direction of einboitemcnt.” In a 
well-known note to Laurillards “ lllloge," prefixed to 
the last edition of the ‘‘Ossemens fossiles," the '^radical 
do Tetre" is much the same thing as Aristotle’s 
‘‘particula genitalis" and Harvey s ovum." ^ 

Bonnet's eminent contemporary, Buffon, held 
nearly the same views with respect to the nature of 
the germ, and expresses them even more confidently. 

“ Ceux qui ont cru quo le cfcur c'toit lo premier forme, ha 
sont tromp(f‘S ; ceux qui disent que e’est le sang so trompent 
aiissi : tout cst form6 en m$mc temps. Si Ton no consul to que 
robservatioii, lo poulet so voit dans Tocuf avant qui'il ait aia 
couy6/’ 

“ J’ai ouvert uno grande quantite dVeufs differens temps 
avant et apres riiicubation, ct jc mo suis convaincu par mes yciix 
que le poulet existe en entier dans le milieu do la cicatricule an 
moment qu’il sort du corps do la poule.” ^ 

The ‘‘moule intorieur" of Bufibn is the aggregate 
of elementary parts which constitute the individual, 


’ “ M. Cuvier coiiaiderant quo luua Ics etres organiaes sont durive'sclc 
parens, el no voyant dans la nature aucune force capable de produirc 
I’organisation, croyait h la pre-existence dcs Rcrmes ; non pas la i>re- 
existence d’uii etre tout formc^, pui.squ’il est bieii evident que ce n’cd 
que j)ar des devcloppeinens successifs quo Tetrc acquiert sa forme; inais, 
si I’on ])eut s’exprinier ainsi, {\ la pre-existence du radical de I etre, 
radical qui existe avant que la s<5rie des evolutions ne commence, et 
qui remonte certainenient, suivant la belle observation do Bonnet, h 
plusieurs generations.” — Laurillard, Eloge de Cuvier,” note 12. 

2 “Histoire Naturelle,” tom. ii. ed. ii. 1750, p. 350. 

^ Ifdd, p. 351. 
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and is thus the equivalent of Bonnet's germ,^ as 
defined in the passage cited above. But Biiffon 
further imagined that innumerable “ molecules organ- 
iques " are dispersed throughout the world, and that 
alimentation consists in the appropriation l)y the 
parts of an organism of those molecules which arc 
analogous to them. Growth, therefore, was, on this 
hypothesis, a process partly of simple evolution, and 
partly of what has been termed “ syngenesis." Buffon’s 
opinion is, in fact, a sort of combination of views, 
essentially similar to those of Bonnet, with others, 
somewhat similar to those of the ^'Medici" whom 
Ifarvey condemns. The molecules organiques " are 
physical equivalents of Leibnitz’s “monads." 

It is a striking example bf the difficulty of get- 
ting people to use their own powers of investigation 
accurately, that this form of the doctrine of evolution 
should have held its ground so long; for it was 
thoroughly and (jomplctely exploded, not long after 
its enunciation, by Caspar Friedorich Wolff, who in 
his “Thcoria Gcncrationis," published in 1759, placed 
the opposite theory of epigenesis upon the secure 
foundation of fact, from which it has never been 
displaced. But Wolff had no immediate successors. 
The scliool of Cuvier was lamentably deficient in 
embryologists ; and it was only in the course of the 
first thirty years of the present century, that Prevost 
iind Dumas in France, and, later on, Ddllinger, 
Pander, Von Biir, Rathke, and Remak in Germany, 
founded modern embryology ; while, at the same time, 

^ Soo particularly Buffon, If. p. 41. 
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they proved the utter incompatibility of the hypothesis 
of evolution, as formulated by Bonnet and Haller, with 
easily demonstrable facts. 

Nevertheless, though the conceptions originally 
denoted by ‘‘evolution'^ and “development” wore 
shown to be untenable, the words retained their 
application to the process by which the embryos of 
living beings gradually make tlicir appearance ; and 
the terms “ Development,” “ Entwickelung,” and 
“Evolutio,” are now indiscriminately used for tlie 
series of genetic changes exliibited by living beings, 
by writers who would emphatically deny that “ De- 
velopment” or “ Entwickclung ” or “Evolutio,” in 
the sense in which these words were usually em- 
ployed by Bonnet or b/ Haller, ever occurs. 

Evolution, or development, is, in fact, at present 
employed in biology as a general name for the history 
of the steps ])y which any living being has acquired 
the morphological and tlic pliysiological cliaracters 
which distinguish it. As civil history may be divided 
into biography, which is the history of individuals, 
and universal history, which is the history of the 
human race, so evolution falls naturally into two 
categories,— the evolution of the individual, and the 
evolution of the sum of living beings. It will be 
convenient to deal with the modern doctrine of evolu- 
tion under these two heads. 

I. The Evolution of the Individual, 

No exception is, at this time, known to the 
general law, established upon an immense multitude 
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of direct observations, that every living thing is 
evolved from a partiede of matter in which no trace of 
the distinctive characters of the adult form of that 
living thing is discernible. This particle is termed a 
germ, Harvey ^ says — 

Omnibus viventibus primordium insit, ex quo ct a quo pro- 
veniant, Liceat hoc nobis prhmrdmm vegeiale nominare ; nempo 
substantiam quandam corpoream vitam hal)entem potentia ; vel 
([uoddam per se cxistens, quod aptum sit, in vegetativam formam, 
ab intemo principio operantc, mutari. Quale nempe primordium, 
ovum est et plantarum semen ; tale ctiam viviparorum conceptus, 
et insectorum vermis ab Aristotcle dictus : diversa scilicet diver- 
soriim viventium primordial* 

The definition of a germ as ‘‘matter potentially 
alive, and having within itself the tendency to assume 
a definite living form,'' appeirs to meet all the re- 
quirements of modern science. For, notwithstanding 
it might be justly questioned whetlier a germ is not 
merely potentially, but ratlier actually, alive, though 
its vital manifestations arc reduced to a minimum, 
the term “ potential " may fairly be used in a sense 
broad enough to escape the objection. And the 
qualification of “potential" has the advantage of 
reminding us that the great characteristic of the germ 
is not so much what it is, but what it may, under 
suitable conditions, become. Harvey shared the be- 
lief of Aristotle — whose writings he so often quotes, 
and of whom he speaks as his precursor and model, 
with tjie generous respect with which one genuine 
worker should regard another—that such germs may 

^ “ Exercitationes de Gencratione.’* Ex. 62, Ovum esse primor- 
diuni commune omnibus aiiimalibiis.” 
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arise by a process of “ equivocal generation out of 
not-living matter; and the aphorism so commonly 
ascribed to him, “ omne vivum ex ovo” and which is 
indeed a ftiir summary of his reiterated assertions, 
thougli incessantly employed against the modern 
advocates of spontaneous generation, can be honestly 
so used only by those who have never read a scoi*c 
of pages of tlie “Exercitationes.^^ Harvey, in fact, 
believed as implicitly as Aristotle did in the equivocal 
generation of the lower animajs. Eut, while tlio 
course of modern investigation has only brought oii(, 
into greater prominence the accuracy of Harvey’s 
conception of the nature and mode of development of 
germs, it has as distinctly tended to disprove the occur- 
rence of equivocal generation, or abiogenesis, in tlic 
present course of nature. In the immense majority 
of both plants and animals, it is certain that the germ 
is not merely a body in which life is dormant or 
potential, but that it is itself simply a detached por- 
tion of the substance of a pre-existing living body; 
and the evidence has yet to be adduced which will 
satisfy any cautious reasoncr that “ omne vivum ox 
vivo is not as well-established a law of the existing 
course of nature as “ omne vivum ex ovo.^' 

In all instances which have yet been investi- 
gated, the substance of this germ has a peculiar 
chemical composition, consisting of at fewest four 
elementary bodies, viz. carbon, hydrogen, o^cygen, 
and nitrogen, united into the ill-defined compound 
known as protein, and associated with much water, 
and very generally, if not always, with sulphur and 
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phosphorus in minute proportions. Moreover, up to 
the present time, protein is known only as a product 
and constituent of living matter. Again, a true germ 
is cither devoid of any structure discernible by optical 
means, or, at most, it is a simple nucleated cell.^ 

In all cases, the process of evolution consists in a 
succession of changes of the form, structure, and 
functions of tlic germ, by which it passes, step by 
step, from an extreme simplicity, or relative homo- 
geneity, of visible structure, to a greater or less degree 
of complexity or heterogeneity; and the course of 
progressive differentiation is usinilly accompanied by 
growth, which is effected by intussusception. This 
intussusception, however, is a very diflerent process 
from that imagined either by Buffon, or by Bonnet. 
The substance by the addition of which the germ is 
(‘iilarged is, in no case, simply absorbed ready-made 
from the not-living world and packed between the 
(‘lementary constituents of the germ, as Bonnet im- 
agined; still less does it consist of the “molecules 
orgaiiiques of Buffon. The new material is, in great 
measure, not only absorbed but assimilated, so that it 
becomes part and parcel of the molecular structure of 
the living body into which it enters. And, so fiir 
from the fully developed organism being simply the 
germ plxis the nutriment which it has absorbed, it is 
probable that the adult contains neither in form, nor in 
substance, more than an inappreciable fraction of the 

^ In some cases of sexless multiplication the germ is a cell-aggre- 
gate — if we call germ only that which is already detached from the 
parent organis!n. 
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constituents of the germ, and that it is almost, if not 
wholly, made up of assimilated and metamorphosed 
nutriment. In the great majority of cases, at any 
rate, the full-grown organism becomes what it is by 
the absorption of not-living matter, and its conversion 
into living matter of a specific type. As Harvey says 
(Ex. 45), all parts of the body are nourished “ab 
codem succo alibili, aliter aliterque cambiato,’^ ‘‘ut 
plantm omnes ex codem communi nutrimento (sive 
rore seu terrm humore).” 

In all animals and plants, above the lowest, tlic 
germ is a nucleated cell, using that term in its 
broadest sense ; and the first step in the process of 
the evolution of the individual is the division of tliis 
cell into two or more portions. The juocess of 
division is repeated, until the organism, from l)cing 
unicellular, becomes multicellular. The single cell 
becomes a cell-aggregate ; and it is to the growth and 
metamorphosis of the cells of the cell -aggregate tlms 
produced, that all the organs and tissues of the adult 
owe their origin. 

In certain animals belonging to every one of the 
chief groups into which the Metazoa arc divisible, the 
cells of the cell -aggregate which results from the 
process of yelk-division, and which is termed a 
morula, diverge from one another in such a manner 
as to give rise to a central space, around which they 
dispose themselves as a coat or envelope; and thus 
the morula becomes a vesicle filled with fluid, the 
planula. The wall of the planula is next pushed in 
on one side, or invaginated, whereby it is* converted 
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into a double- walled sac with an opening, the blasto- 
pore, which leads into the cavity lined by the inner 
wall. This cavity is the primitive alimentary cavity 
or archenteron; the inner, or invaginated, layer is 
the hypoblast, the outer the epihlast; and the 
embryo, in this stage, is termed a gastrula. In all 
the higher animals, a layer of cells makes its appear- 
ance between the hypoblast and the epiblast, and is 
termed the mesoblast. In the further course of 
development, the epiblast becomes the ectoderm or 
(epidermic layer of the body ; the hypoblast becomes 
the epithelium of the middle j)ortion of the alimentary 
canal ; and the mesoblast gives rise to all the other 
tissues, except tlie central nervous system, which 
originates from an ingi;owth of* the epildast. 

With more or less modification in detail, the 
I'lnbryo has been observed to pass through these 
successive evolutional stiigcs in sundry Sponges, 
Coeicntcrates, Worms, Echinoderms, Timicates, Arth- 
ropods, Mollusks, and Vertebrates ; and there are 
valid reasons for the belief, that all animals of higher 
organisation than the Protozoa agree in the general 
character of the early stages of their individual evolu- 
tion. Each, starting from the condition of a simple 
nucleated cell, becomes a cell-aggregate; and this passes 
through a condition which represents the gastrula 
stage, before taking on the features distinctive of the 
group to which it belongs. Stated in this form, the 
“ gastroea theory ” of Haeckel appears to the present 
writer to be one of the most important and best 
founded of •recent generalisations. So far as indi- 

o 
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vidual plants and animals are concerned, therefore, 
evolution is not a speculation but a fact ; and it 
takes place by epigenesis. 

“Animal ... per epujeneshi procreatur, matcriam simul 
attraliit, parat, concoqiiit, et eaJem iititiir; formatur simul et 
augetur . . . primiim futuri corporis coiicremeiitum . . . prout 
augetur, dividitur sensiin et distinguitur in partes, non simul 
omnes, sed alias post alias natas, et ordine qnasque suo ( 3 mer- 
gentes.”^ 

In these words, by the divination of genius, 
Harvey, in the seventeenth century, summed u[) the 
outcome of the work of all those who, with appliances 
he could not dream of, are continuing his labours in 
the nineteenth century. 

Nevertheless, though the doctrine of epigenesis, 
as understood by Harvey, has definitively triuinplied 
over the doctrine of evolution, as understood by his 
oppomnits of the cigliteenth century, it is not ini- 
possible that, when the analysis of the process of 
development is carried still farther, and the origin ot 
the molecular components of the i)hysically gross, 
though sensibly minute, bodies which W(i term germs 
is traced, the theory of development will a,p})roach 
more nearly to metamorphosis than to ci)igencsis. 
Harvey thought that impregnation influenced the 
female organism as a contagion ; and that the blood, 
which he conceived to be the first rudiment of the 
germ, arose in the clear fluid of the ‘‘colliquamcntum 
of the ovum by a process of concrescence, as a sort 

1 Ilaivey, “ ExereitatioDCs de Generationc.” Ex. 46, “ Quirnam 
Bit pulli materia et quoniodo iiat in Ovo * 



xt.] 


EVOLUTION IN BIOl.OGY. 


289 


of living precipitate. We now know, on the contrary, 
llijit the female germ or ovum, in all tlie higher 
‘luinials and plants, is a body which })ossosses the 
structure of a nucleated cell; that im})regnation 
C'eijsists in the fusion of the substance^ of another 
more or less modified nucleated cell, the male 
«enn, with the ovum; and that the structural 
eoinponcnts of the body of the cmluyo arc all 
derived, by a ])rocess of division, from the coalesced 
iiiak' and female germs. Hence it is conceivable, and 
iiidiHMl probable, that every part of the adult contains 
molecules, derived both from the male and from the 
fcaualc parent; and that, regarded as a mass of 
molecules, the entire organism may be compared to a 
web of which the warp is derived from the fertialo 
and the woof from the male. And each, of these may 
constitute one individuality, in the same sense as the. 
whole organism is one individual, aUhough the matter 
of the organism has been constantly changing. The 
primiti\'e male and female molecules may play the 
part of Butfoids ‘^monies organi([ues,” and mould the 
assimilated nutriment, ea(*h according to its own type, 
into innumerable new molecules. V rom this point of 
view the process, which, in its supeificial aspect, is 
epigenesis, ajipears in essence, to be evolution, in the 
modified smise adopted in llomiet’s later writings; 
and development is merely the expansion of a poteii- 
dal organism or original preformat ion according 
to fixed hiws. 

^ Nut |ct actuiilly (lomoiistmted in the case of phaMioganions plants. 


V 
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II. The Evolution of the Sum of Living Beings, 

The notion that all the kinds of animals and jdants 
may have come into existence by the growth and 
modification of primordial germs is as old as speculative 
thouglit ; but the modern scientific form of the doctrine 
can be traced liistorically to the influence of sevc'uil 
converging lines of pliilosophical speculation and of 
pliysical observation, none of Avliich go farther baek 
than the seventeenth century. These are : — 

1. The enunciation ))y Descartes of the conception 
that tlie physical universe, whether living or not living’, 
is a mechanism, and that, as sucli, it is cxplicalde on 
pliyshad principles. 

2. The ol)servationr of the ^gradations of struct luv, 
from extreme simplicity to very great complexity, 
})rcsentcd l)y living things, and of the relation of tlicse 
graduated forms to one anotlier. 

3. The observation of tlie existence of an analogy 
between the series of gradations presented l)y tin' 
species whicli (compose any great group of aiiinials or 
})lants, and the series of eml)ryonic conditions of tlio 
higliest members of that group. 

4. The ol)servation that large groups of species of 
widely dilferent lial)its present the same fundamental 
plan of struf'ture ; and tliat parts of the same animal 
or ]>lant, the functions of which are very dilferent, 
likewise exhibit modifications of a common })lan. 

5. The observation of tliii existence of strmdiircs, 
in a rudimentary and apparently useless condition, m 
one species of a gi’oup, whicli are fully df 3 veloped and 
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Ikivo (Icfiiiite functions in oilier species of tlui same 
groiii). 

6. Tlic oliservation of the effects of varying con- 
ditions in modifying living organisms. 

7. The observation of tlie facts of geographical 
disirilmtion. 

8. The observation of tlie facts of the geological 
siu'cessioii of the forms of life. 

1. NotwitlistanJing the elaborate disguise whhdi 
fear of the j)Owers that were led Des('nrtes to tlirow 
over his real ojmiions, it is impossible to read the 
“Princii>es de la Diilosophie” ^Yithout acquiring the 
conviction that this great philosopher held that the 
jiliysical world and all things in it, Asdiether living or 
not living, have originaT(.‘d by a }>rocess of evolution, 
due to the continuous operation of purely physical 
causes, out of a pi*iniitivc relatively formless matter.’ 

Tlie following passage is es]K'(*ially instructive : — 

“ Et taut &’(ai faut quo je veuillo qiK' I'on croic toutes les 
cho-si’s quo jY'crirai, quo inoiuo jo protonds on propo.si’r ioi (piolcpios 
unos qiie jc crois aEsolunieiit otro fau>so.s ; a savoir, jo no doute 
point quo Ic mondc n’ait M oroe an coinnioncomont avoc aiitant 
do perfection qu’il t*n a ; on sorto (pio lo soloil, la torro, la liino, 
ct les (jtoiles out 6t6 d^s lors ; ot quo la torro ii’a j)as ou seiilomont 
on sni les soinonces dos plaiites, mais quo los plantos indme on 
flit convert unc partio ; ot qu’ Adam ot Eve n’ont pas crods 
fiifans niais on figc d’liommos parfaits. La ivligion chrdtienne 
vent que nous le croyons aiusi, ct la raison natiirello nous persuade 
fntK'iement cette v6nte; car si nous oonsiddrons la toute puissance 

^ As Buffon has well sjiid : — “ T/id(>e do ramoner Texplication de 

les p1n^noni6nos a dos priiicipos inooaniques ost assuromont grande 
t^’lle, ce pas est le plus Iianli <pi’oii pout fairo on pliilosophie, et 

Descartes qui Pa fait.”— /.r. p. 50. 
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do Dicii, nous devoiis jngor quo tout ce qu’il a fiiit a cu d^s Ic 
commencement touto la perfection qu’il devoit avoir. M;iis 
neanmoins, comme on connoitroit beaucoup mieux quelle a 6te la 
nature d’Adam et celle des arbres de Paradis si on avoit exaniiiiu 
commeTit les enfants so forment pen i\ pen dans le ventre de leiir.s 
meres et comment les plantes sortent de leurs scmences, quo si 
on avoit scudemont considere (piels ils out quand Dieii les a 
cr(5es : tout de memo, nous ferons mieux entendre quell(3 (‘,sl 
gc‘n(5ralement la nature do toutes les cliosos qui sont au mondo si 
nous pouvons imaginer quebpies principes qui soient fort intelli- 
gildos et fort simples, des([Uels nous puissions voir clairement ([iic 
les astres et la terre ct enlin tout ce monde visible aiiroit pu eln; 
produit aiiibi quo de quebpies semeiices (bien (pie nous sacliioiis 
qu’il n’a pas (!te produit cu (3ettc fa^'on) (jiie si nous la decrivions 
seiilemciit comme il est, on bien comme nous crcjyons (pi’il a etc 
cree. Et parccqiie je peiise avoir trouve des principes qui sunt 
tels, je tachcrai ici de les cxpli(pier.”‘ 

If wc read between the lines of this singular ex- 
hibition of force of one kind and weakness of anotlicr, 
it is clear that Descartes belhn^ed that he had divined 
tli(; mode in which the physical universe had been 
evolved ; and the “ Traite de rhomnie,” and the essay 
“ Sur les Passions’^ afford abundant additional evideiiee 
that he sought for, and thought he had found, an 
explanation of the phenonnuia of physical life by 
(hjdiiction from purely physical laws. 

Spinoza abounds in the same sense, and is as usual 
])erfe('t]y candid — 

“ Naturje logos et regnla';, secundum quas omnia fiiint ot ex 
unis forinis in alias mutantur, sunt iibiqim ct semper oadeui. “ 

lieibnitzs doctrine of continuity necessarily 
him in tlie same direct ion ; and, of the infinite innltc 

iniiii'ipc^ »!<• Ill l’liib>s<»p]ii<*,’’ a’roisiriiK' juuliui y ‘b>. 

“ “ Elhircs,’’ CiiiH riitjlfilio. 


1 (( 
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tudc of monads with wliicli he peopled the world, 
each is supposed to be the focus of an endless process 
of evolution and involution. In the ‘‘ Protoga}a/’ 
xxvi., Lcibnit;5 distinctly suggests the mutability of 
species — 

“ Alii miraiitur in saxis pas.sim species videri quas vel in orbe 
rognito, vol saltern in vicinis locis frustra fpian’as. Ita “ Cornua 
Amnioiiis/’ quffi oxnautiloriira numero liabeantur, passim ct forma 
ofc magiiitudino (nam et pedali diamotro aliquando reporiuntur) 
ab oiiinibus illis iiaturis discreparo diciint, (pias pnebet marc. Sed 
(juis al)sconditos ejiis rcecssns aiit siibterraneas abysses pervesti- 
gavit? qiiain multa nobis animalia aiitca ignota oftVrt nuviis orbis ? 
Hi (*st per magnas illas conversioncs ctiam animalium 

s[)('ciL’s plurimum immutatas.” 

TIius, in tlie end of the seventeenth century, the 
seed was sown which Ifas, at intervals, brought forth 
ivi'uvrent (T‘ops of evolutional hypotheses, based, more 
or less completely, on general reasonings. 

Among the earliest of these speculations is that 
l)ut forward by Benoit de ]\Iaillet in his ‘‘ Telliamcd,” 
which, though printed in 1735, was not jiublishod 
until twenty-three years later. Considering that this 
book was written before the time of Haller, or Bonnet, 
or Liniueus, or Hutton, it surely deserves more respeet- 
lul consideration than it usually receives. For He 
l\Iaillet not only has a delinitc coueeption of the 
plasticity of living things, and of the production of 
existing species by tlie modifi<*ation of tlieir prede- 
eossors^ but he (dearly appivhends the (‘ardinal maxim 
^1 ni()d(irn geologicail scien<*c, that the ex]>lanation of 
structure of tlie globe is to be sought in the 
deductive application to geological phenomena of the 
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principles cstablisliecl inductively by the study of the 
present course of nature. Somewhat later, Maupcrtuis^ 
suggested a curious hypothesis as to the causes of 
variation, which he tliinks may be sufficient to account 
for the oi*igin of all animals from a single pnir. 
Rol)inet" followed out much the same line of thought 
as De j\Iaillet, but less soberly; and Jionnet’s specula- 
tions in the ‘‘ Palingenesie,’' wliieli aj)poared in 
have already l)een mentioned. Builbii (1753-1 77S), 
at first a partisan of the absolutii immutal)ility of 
speei( 3 s, subse([uently appears to have l)elicve(l llint 
larger or smaller groups of species have beim pro- 
duced by the modification of a 2 >i‘hBitive stock; Ijiit 
he contributed nothing to the general doctriin?. of 
evolution. ^ 

Erasmus Darwin Zoonomia,^^ 17^4), though a 
zealous evolutionist, can hardly be said to havi? nnidc 
any real advance on his predecessors; and, iiotwilh- 
standing that Goethe (1791-4) had the advantagi* of 
a wid(i knowledge of morjdiologiiail facts, and a triu^ 
insight into their signification, while he threw all tlic 
power of a great poet into the cx})ression of his 
conc(iptions, it maybe (|U(‘stioned whether he supplied 
the doctrine of evolution with a firmer scientific basis 
than it already possessed. Moreover, whatever tlie 
value of Goethe's labours in that field, they wei’c not 
published before 1820, long after evolutionism had 

^ ^‘Sy.stunie lii Naliirc.” “Essai Pur lii Fornuitioii (l^s 
OrffaiiiV's,” 17 r)l, xiv'. 

^ “ (Juiipidi-raliiMiH Uhilosojjliiqiujs sur lix iiiitiiivllo 

formas de I’etn; ; ou le.s e.ssiiis do la nature ([ui apurend aiaire I’lioinia*') 
1708. 
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taken a new departure from the works of Treviraims 
and Lamarck — the first of its advocates who were 
equipped for their task with the needful large and 
accurate knowledge of the phenomena of life, as a 
whole. It is remarkable that each of these writers 
seems to have been led, independently and contem- 
poraneously, to invent the same name of '' Biology ” 
for the science of the phenomena of life; and thus, 
following Bufibn, to have recognised the essential 
unity of th(\sc phenomena, and their contradistinction 
Ifoin those of inanimate nature. And it is hard to 
say whether Tiamarek or Treviranus has the priority 
in propounding the main thesis of the doctrine of 
evolution ; for though the first volume of Treviranus's 
“Biologic’’ appeared on^" in 1802, be says, in the preface 
to his later work, tho “Erseheinungen uiid Gesetze des 
organisehen Lebens,” dated 1831, that ho wrote the 
first volume of the ‘‘Biologic” “nearly five-and- thirty 
years ago,” or about 1796. 

Now, in 1794, there is evidence that Lamarck held 
doctrines which present a striking contrast to those 
which are to be found in the “ Bhilosophie Zoologiquc,” 
as the following passages show" : — 

“ G85. Quoique mon unique olvjct dans cct article n’ait quo 
(le traitor de la cause physique do rentretien do la vie dos etres 
organiques, malgr<^ ccla j’ai ose avancer en debutant, quo rexisteiice 
de CCS etres 6toiinants n’appartienncnt nullement la nature; quo 
tout cc qu’on pout entendre par le mot U(ihm\ no pouvoit donner 
la vie, c*est4-dire, que toiites les qualites do la inatien‘, joiutes ii 
toiites les circonstances possibles, et ineme I’activite rc'pandue 
dans ruiiivers, ne pouvaient point produiro uii etre muni du 
inouveinent organiquo, capable do reproduire son semblablc, et 
^^yet la luorb. 
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“ G86. Tons Ics individus de cctte nature, qiii existent, pro- 
viennent d’individiis semhlables qui tons ensemble constituent 
IVspece entiere. Or, jc crois qu’il est aussi impossible jY I’bomine 
de connoitre la cause physique du premier individii do chaque 
espece, quo d’nssigiier aussi pliysiquement la .cause de rcxistenc(‘ 
de la maticjre ou de runivers eiitier. C’ost au moins ce quo Ic, 
resultat de mes connaissances ct de mes reflexions me portent a 
penser. S’il existo beaucoup de varietes prodiiitos par I’l'llet des 
circonstances, ces varietes no denaturent point Jes espeoes ; mais 
on so tromi)e, sans doute souvent, on iiidiquant comme espece, ee 
qui n’est que variete ; et alors je sens que cette ernmr pent tiivr 
a consequence dans les raisonnements (pic Ton fait sur eettt* 
matiilu’e.” ^ 

Tlio first three volumes of Treviramis’s ‘‘Biolooie,” 
which contain liis general views of evolution, appeared 
between 1802 and 1805. The “ llecherehes sur rorgaii- 
isation des corps vivai^s,^’ in which the outliiu'S of 
JiUmarck’s doctrines are given, was published in 1802; 
but the full development of his views, in the Philo- 
sophic Zoologhpie,” did not take ])lace until 1800. 

The ‘Mhologkd’ and the‘‘ Philosophic ZoologitpU'^hire 
both very remarkable productions, and are still worthy 
of attentive study, but they fidl upon evil liinos. 
The vast authority of Cuvier was enifdoyed in support 
of the traditionally resju'ctablij hypotheses of spci'ial 
creation and of catasti*ophisni ; and the wild specula- 
tions of the “Discours sur les Revolutions de laSurlaco 

^ “ l{(jcli(!rcli(!.s loH causes des priiicipaux fails j)liysi(pios,” pu’ J. 
B. Lamarck. Paris. Sc^cotidc aum'e dt: la K('publi(pie. In the juvl.u’e, 
Lamarck says that Ihe work was written in 1770, and ]>rcs(‘nte(l lo the 
Academy in 1780 ; but it was not publislual before 1794, and*, at thut 
tiiiK!, it ]»resun)ably expre.ssed Jjamarck’s mature views, ft would he 
intewesting to know what brought about the change of o]>iiiiou niiUU' 
fested in the “ Uecherches Siir Porganisation des corps vivaiits,” juiblidud 
onl) seven years later. 
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(]u Globe ” were held to be models of sound scientific 
thinking, while the really much more sober and 
philosophical hypotheses of the '' llydrogcologie ” were 
scouted. For nvuiy years it was the fashion to speak 
of Lamarck with ridicule, while Treviraiius was 
altogether ignored. 

Nevertheless, the work had been done. The con- 
cei)lion of evolution was henceforward irrepressible, 
and it incessantly rea]»pears, in one slia})c or another,^ 
up to the year 1858, when Mr. Darwin and Mr. 
AVallaee publislied t lunr Theory of Nat ural Selection.'’ 
The Origin of S])e(‘ies” appeared in 1859 ; and it is 
witliin tlie knowledge of all whose memories go back 
to that time, that, henceforward, the doctrine of evolu- 
tion lias assumed a position and acquired an import* 
aiice which it ncv(‘r before ]>osscssed. In the Origin 
of Specie's,” and in his other numerous and imjiorlant 
contributions to the solution of the problem of bio- 
logical evolution, ]\[r. Darwin confines himself to the 
discussion of the causes which have brought aliout tlie 
present condition of living matter, assuming such 
mat, ter to have once come into existence. On the 
other hand, Mi\ Spencer" and Professor llacckoD 
have dealt with the wliole jiroblem of evolution. The 
pi’ofound and vigorous writings of Mr, Spencer em- 
body the spirit of Descartes in the knowledge of our 
own day, and may be regarded as the Principes dc la 

^ the Historical SlvL'tcir’ preli.UMl to tlie 1.14 oilition of the 
“ Ori;^ri]i of ,Spocie(<.” 

" “ I' list Princi]>le.s ” and “riinciplos of niolo;^}’/' 18G0-18G4. 

‘ Gcnerelle Morpliolo^i^ii-,” 
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Pliilosopliie of the nineteenth century ; while, what- 
ever hesitation may not uiifrcquently be felt by less 
daring minds, in following Haeckel in many of his 
speculations, his attempt to systematise the doctrine 
of evolution and to exhibit its influence as tlie central 
thought of modern biology, cannot fail to have a far- 
reaching influence on the progress of science. 

If wo seek for the reason of the dllFercnce between 
the scientific position of the doctrine of evolution a 
century ago, and that Avhich it occupies now, W(i sliall 
find it in the great accumulation of fai'ls, Ihe sevenil 
classes of wliicli have been euiimerati'd above, undi'i* 
the second to the eighth heads. For those whi(;h are 
grouped under the second to the seventh of tliese 
classes, respectively, have a cleftr significancij on the 
hypothesis of evolution, while they are unintcdligihlo 
if that hypotlicsis be denied. And those of the eiglitli 
group are not only unintelligible without the assump- 
tion of evolution, but can be proved never to be dis- 
cordant with that hypothesis, while, in some cns(\s, 
they are exactly such as the hypothesis rccpiires. The 
demonstration of thc^se assertions would require a 
volume, but the general nature of the evidence on 
which they rest may l)e briefly indicated. 

2. The accurate investigation of the lowest forms 
of animal life, comm(3nccd by Leeuwenhoek and Swam- 
merdam, and continued l)y the remarkable labours 
of Ileaumur, Trembhiy, Jlonnet, and a host of* other 
observers, in the latter part of the sciventeenth and the 
first half of the eighteenth centuries, drew the atteii- 
tion of biologists to the gradation in the complexity ot 
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organisation which is presented by living beings, and 
culminated in the doctrine of the “ echelle des ctres,” 
so powerfully and clearly stated by Bonnet; and, 
before him, adumbrated by Locke and by Leibnitz. 
In tlie then state of knowledge, it appeared that all 
the species of animals and plants could be arranged in 
one series; in such a manner that, by insensible 
gradatiojis, the mineral jiassed into the plant, the 
]>lant into the ])olype, tlie poly])e into the worm, and 
so, tlirougli gradually higher forms of life, to man, at 
tlie summit of tin*, animated world. 

But, as knowledge advanced, this conception ceased 
to be tiuiable in tlic crude form in which it was first 
})ut forward. Taking into account existing animals 
and plants alone, it became ol)vious that they fell into 
groups wliu'li were more or less sliarply separated from 
one anotlier; and, moreover, that even the species of 
a genus can hardly ever be arranged in linear series. 
Tlieir natural rcsemblaiKT's and ditlerences are only 
to be exjiressed by disposing them as if they were 
liranehes springing from a common hypothetical 
centre. 

Lamarck, while aflirming the verbal proposition 
tliat animals form a single series, was forced by his 
vast acquaintance with the details of zoology to limit 
the assertion to such a series as may be formed out of 
the abstractions constituted by the common characters 
of each group. ^ 

^“11 s’aL'it (lone (le proiivcr (pie las(.'nt' (jui (‘onslituto lecliellt* 
fiuinialo ivsidcj (.•.ssi'iiticlKMjioiif d.iiis la (li>tnl)utioii des inassos prim'i- 
P*d("s qui la cl^nipospiit i*t non dana ladli' di's iii nu'iiie 

jours (laiis ceno (L-s ^(‘iin*s.” — ‘‘ Phil. Zooh^giquiq” chap. v. 
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Cuvier on anatomical, and Von Baer on embryo- 
logical grounds, made the further step of proving that, 
even in this limited sense, animals cannot be arranged 
in a single scries, but that there are. several distinct 
plans of organisation to be observed among them, no 
one of which, in its highest and most complicated 
modification, leads to any of the others. 

The conclusions enunciated by (hivicr and A'on 
Baer have l)ecn confirmed, in principle, by all subsi'- 
(jinnit research into the structure of animals and jilants. 
But the clFect of tlie adoption of tliesc coindusions has 
been ratlnT to siil)stitute a new nn^taphor for that of 
Bonnet than to abolisli the coinjcption cxju’cssed l)y 
it. Instead of regarding living things as capabh^ of 
arrangement in one seiies like flic steps of a ladder, 
the results of modern investigation conp:)cl us to dis- 
pose them as if they were the twigs and l)ranches of a 
tree. The ends of the twigs represent individuals, tlu^- 
smallest groups of twigs species, larger groups g(‘iie]‘a, 
and so on, until we arrive at the source of all these 
ramifications of the main brancJi, which is re})resented 
by a common plan of structure. At the present moment, 
it is impossible to draw up any definition, based on 
l)road anat(jmical or developmental characters, by 
which any one of Cuviers great groui)s shall be 
separated from all the rest. On the contrary, the 
lower members of eacli tend to converge towards the 
lower memljcrs of all the others. The same may be 
said of the vegetable world. 'Idle apjiarenlJy clear 
distinction between flowering and flowcrless plants 
Las l)een lirokcn down ))y the scries of gradations 
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between the two exlnliitcd by the Lycopodiacece, 
lihhocarpeWj and GymnosperraecB. Tlie groups of 
Fumji, Lichofcs^ and Algw have completely run into 
one another, and, when the lowest forms of each ai'e 
alone considered, even tlie animal and vegetable king- 
doms cease to have a definite frontier. 

If it is permissible to speak of the relations of 
living forms to one another metaphorically, the simili- 
tude chosen must undoubtedly ho, that of a common 
root, whence two main trunks, one r(‘presenting the 
vegetable and one the animal world, spring ; and, each 
dividing into a few main branches, these subdivide 
into multitudes of branchlcts and these into smaller 
groups of twigs. 

As Lamarck has ^ell said*— ^ 

“ 11 n’y a quo conx (pii loiigtenip.? et fortcmeiit occupi's 
do la diHca'mination dos o.«5poces, ot (pii out co^^^lltd do riclios 
collections, (pii pcMivont savoir jusqn a qnol point los parnii 

les corps vivanis hv foiidont los unes dans los autivs, ot qui out 
pu so convaincro (pio, dan.s los parties oil nous voyons des c-yikes 
isoli's, cola ii’o.st ainsi (pn* j)arcoqu’il nous on manque d’autres qui 
on .sont idiis voi.^iiios ot (pic iioii.s n’avons pas onooro rociioillies. 

“de no voux pa.s dire pour cola (pie los aniinaux qui existent 
formont unc sorie tros-siinplc ot partout ogalomont niianci-o ; 
inais j(* dis qu’il.s formont unc si'ric rainonso, invguliorcinont 
gradinio ot ([ui n’a point do (li.scontinuit(3 dans sos parti(\s, ou qui, 
dll moins, n\‘n a toujours pas ou, s’il ost vrai (pu‘, par suite do 
quol(]ues o.spi'co.s porduos, il s’on trouvo (pudcpie part. II on 
rosmltc (pie los fsj^hai (pii torininont oluupio ranioau do la .siuki 
gfiiorale tionnent, au moins d un o('‘do, a d’autros ospocos voisinos 
qiu so jinanccnt avee olios. Yoila co (pio IVdat bion oonnu d('s 
chos(‘s mo mot maintonant h, portir do doniontror. Jo n ai 


M'lfilosopliie Zoolo}jji(pio, proiniiav jiailio, chap. iii. 
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besoiii d’aucuiic hypotlieso ni iraucime supposition pour cola: j’cu 
attesto tons les naturalistcs observateurs.” 

3. In a remarkable essay ^ Meckel remarks — 

“There is no good physiologist wlio has- not been struck by 
the observation that the original form of all organisms is one 
and the same, and that out of this one form, all, the lowest as well 
as the highest, arc developed in such a manner that tlu'. latter pass 
through the permanent forms of the former as transitory stages. 
Aristotle, Haller, Harvey, Kielmeyer, Auteiirieth, and many 
others, have either made this observation ineidi'utally, or, espr- 
cially the latter, have draw'n particular attention to it, and 
drawn therefrom results of permanent importance for physiology.” 

Meckel jn-oceecls to exemplify the thesis, tlnit the 
lower forms of animals rc})reso,]it stages in the course 
of the development of the higher, witli a large s('ri(;s 
of illustrations. * i* 

After comparing the Salamanders and the pi'nuiiii- 
branchiate Urodela with tlui Tadindes and tln^ Frogs, 
and enunciating the law that the mor(‘ highly imy 
animnl is organised the more (juiekly does it ])ass 
through the lower stages, Aleekel goes on to say- - 

“ From those lowest Vortebrata to the liigbest, and to the 
highest forms among these, th(3 comparison between the embry- 
onic conditions of the higher animals and the adult states of the 
lower can b(3 more completely and thoroughly instituted than it 
the survey is extended to the Invertebrata, inasmucli as tli(‘ latter 
are in many respects constructed upon an altogether too dif^- 
similar type ; indeed they oft(*n difler from one another far 
more than the lowe.st vertebrate does from the highest mammal; 
yet the following pages will show that tin' com])ari.''On may also 


^ “ Entwnrf einer Darptelluiig der zwi.schen dom Enihryoziislaude 
(h*r hohercii Tliiere iind dem pcnnanenl(;n der niederen ^tattfiiideiKlen 
ranilh-lc,” “ Jb-ytrago, zur Vergicichemh-.n Anatomic,” Ed. ii. 
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1)0 extended to them with interest. In fact, there is a period 
when, as Aristotle long ago said, the embryo of the highest 
animal has the form of a mere worm ; and, devoid of internal 
and external organisation, is merely an almost structureless lump 
of polype -substance. NoUvithstanding the origin of organs, 
it still for a certain time, by reason of its want of an internal 
])ony skeleton, remains worm and mollusk, and only later enters 
into the series of the Vertebrata, although traces of the vertebral 
column even in the earliest periods testify its claim to a place in 
that scries.” — Op. cif. pp. 4, 5. 


If Alcckel’s proposition is so far qualified, tliat the 
comparison of adult witli eml)iyonic forms is restricted 
within the limits of one ty[)e of organisation ; and, if 
it is further recollected that the rcsemblatice between 
the permanent lower form and the embryonic stage of 
a higher form is not special but general, it is in entire 
accordance with modern embryology ; although there 
is no branch of l)iology which has grown so largely, 
and improved its methods so much, since Meekers 
lime, as this. In its original form, the doctrine of 
“arrest of development,'^ as advocated l)y Geoflroy 
Saint-IIilaire and Serres, was no doubt an over-state- 
ment of the case. It is not true, for example, that a 
fish is a reptile arrested in its development, or that a 
reptile was ever a fish : l)ut it is true that the reptile 
embryo, at one stage of its development, is an organism 
which, if it had an independent existence, must be 
classified among fishes; and all the organs of the 
reptile pass, in the course of their development, through 
conditions which arc closely analogous to those which 
^u'e permanent in some fishes. 

4. Thatk bramdi of biology which is termed JMor- 
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pliology is a commentary upon, and expansion of, tlie 
})i*oposition that widely different animals or plants, 
and widely different parts of animals or plants, are 
constructed u[)on the same plan. From the rough com- 
parison of the skeleton of a bird with that of a man 
by Belon, in the sixteenth century (to go no fartlier 
back), down to the theory of the limbs and the theory 
of the skull at the present day; or, from the first 
demonstration of the homologies of the j)arts of a 
flower by C. ¥. Wolff, to the present elaljorate analysis 
of the floral organs, morphology exhiluts a contiiuml 
advance towards the demonstration of a (undameiital 
unity among the seeming diversifies of living struc- 
tures. And this demonstration has been completed 
by the final establishment of Jhe cell theory, wliidi 
involves the admission of a primitive conformity, not 
only of all the elementary structures in animals and 
plants respectively, Imt of those in the oikj of these 
groat divisions of living things with those in the other. 
No d priori ditticulty can be said to stand in the way 
of evolution, when it oan b(j shown that all animals 
and all plants proceed by modes of develo[)ment, 
which are similar in princi])lc, from a fundamental 
protoplasmic material. 

5. The innumerable cases of structures, which are 
rudimentary and apparently useless, in species, the 
close allies of which possess well developed and func- 
tionally important homologous structur('>s, are readily 
intelligible on the theory of evolution, while it is hard 
to conceive their raison d'etre on any other hy]>othosis. 
However, a cautious reasoner will prolj^bly ratlici 
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explain such cases deductively from tlie doctrine of 
evolution than endeavour to support the doctrine of 
evolution by them. For it is almost impossible to 
prove that any structure, however rudimentary, is 
useless — that is to say, that it plays no part whatever 
ill the economy ; and, if it is in the slightest degree 
useful, there is no reason why, on the hypothesis of 
direct creation, it should not have been created. 
Nevertheless, double-edged as is the argument from 
rudimentary organs, there is probably none which 
has produced a greater effect in promoting the general 
acce])tance of the theory of evolution. 

6. The older advocat(‘s of evolution sought for 
the causes of the process exclusively in the influence 
of varying conditions, sj^ch as climate and station, or 
hybridisation, upon living forms. Even Treviranus 
has got no farther than this point. Lamarck intro- 
duced the conception of the action of an animal on 
itself as a factor in producing modification. Starting 
from the well-known fact that the habitual use of a 
limb tends to develop the muscles of the limb, and to 
produce a greater and greater facility in using it, he 
made the general assumption that the effort of an 
animal to exert an or^an in a given direction tends to 
develop the organ in that direction. But a little 
consideration showed that, though Lamarck had seized 
^vhat, as far as it goes, is a true cause of modification, 
is a cause the actual effects of which arc wholly 
inadequate to account fur any considerable modifiea- 
bon in animals, and which can have no influence at 
^dl in the v^ctable world ; and probably nothing con- 
X 
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tributed so much to discredit evolution, in tlie early 
part of this century, as the floods of easy ridicule 
which were poured upon this part of Lamarck’s specu- 
lation. Tlie theory of natural selection, or survival 
of the fittest, was suggested by Wells in 1813, 
and further elaborated by Matthew in 1831. but 
the pregnant suggestions of these writers remained 
practically unnoticed and forgotten, until the theory 
was independently devised and promulgated by 
Darwin and Wallace in 1858, and the eflect of its 
publication was immediate and profound. 

Those who were unwilling to acc'cpt evoliilioii, 
without better grounds than such as ar(‘. oflered by 
Lamarck, or the author of that particularly unsatis- 
factory book, the ^‘Vestiges outlie Natural History of 
the Creation,” and who therefore preferred to siis[)('iid 
their judgment on the question, found, in the priiuaple 
of selective breeding, pursued in all its a])pli(‘aiions 
with marvellous knowledge and skill by i\lr. Darwin, 
a valid explanation of the occurrence of varietii*s and 
races ; and they saw clearly that, if the explanation 
would apj)ly to species, it would not only solve tlic 
problem of their evolution, but that it would account 
for the facts of teleology, as w(‘ll as for those of mor- 
phology ; and for the persistencii of some forms ot 
unchanged through long cpocdis of time, while others 
undergo comparatively I'apid metamorphosis. 

IIow far natural selection” suffices lor the pm' 
duction of species remains to be seen. Few can doubt 
that, if not the* whole cause, it is a very important 
factor in that operation ; and that it must play a 
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great part in tlie sorting out of varieties into those 
Avliicli are transitory and those which are permanent. 

But the causes and conditions of variation have 
yet to be thorouohly explored ; and the importance of 
natural selection will not be impairetl, even if further 
inquiries should prove that variability is definite, and 
is determined in certain directions rather than in 
otliers, by conditions inherent in that which varies. 

Tt is quite conceivable that every species tends to 
protluce varieties of a limited number and kind, and 
that the eiliad of natural selection is to favour the 
dcv(‘l()puieiit of some of these, wliile it oppos('S the 
development of otliers along their predetermined lines 
of modification. 

7. No truths brought to light by biological invest- 
igation were better calculated to inspire distrust of 
the dogmas intruded upon science in the name of 
theology, than those which relate to the distribution 
of animals and plants on the surface of the earth. 
Very skilful a(*commodation was needful, if the limita- 
tiini of sloths to South America, and of the ornitho- 
rhynchus to Australia, was to be reconciled with the 
literal interpretation of the history of the deluge ; and, 
with the establishment of the existence of distinct 
laoviiices of distribution, any serious belief in the 
peopling of the world by migration from ilount Ararat 
eiuue to an end. 

Under tlicse circumstances, only one alternative 
Was left for those who denied the occurrence of evolu- 
tion — namely, the supposition that the characteristic 
^^iiimals anfl plants of each great province were 
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created, as such, witliin the limits in which we find 
them. And as the hypothesis of ‘‘specific centres,'’ 
thus formulated, was heterodox from the theological 
point of view, and unintelligible under its scientific 
aspect, it may be passed over without further notice, 
as a phase of transition from the creational to tlie 
evolutional hypothesis. 

8. In fact, the strongest and most conclusive 
arguments in favour of evolution arc those whi('li 
arc based upon the facts of geographical, taken ia 
conjunction with those of geological, distribution. 

Both ]\[r. Darwin and Mr. Wallace lay great stress 
on the close relation whicdi obtains between the exist- 
ing fauna of any region and that of the immediately 
antecedent geological epocli ix tlic same region ; and 
rightly, for it is in truth inconceivable that there 
should be no genetic connection between the two. It 
is possible to put into words tlie proposition lliat all 
the animals and plants of each geological epocli were 
annihilated, and that a new set of very similar forms 
was created for the next epoidi ; but it may be doubted 
if any one who ever tried to form a distinct mental 
image of this process of spontaneous generation on the 
grandest scale, ever really succeeded in realising it. 

Within the last twenty years, the attention of tin* 
best palaeontologists has been withdrawn from tla^ 
hodman's work of making “new species” of fossils, 
to the scientific task of completing our knowledge of 
individual species, and tracing out the succession of 
the forms presented by any given type in time. 

Those who desire to inform thcmsdlvcs of the 
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nature and extent of tlie evidenee bearing on these 
questions may consult the works of llutimeyer, 
Gaudry, Kowalewsky, Marsh, and tlie writer of the 
present article. It must suffice, in this place, to say 
that the successive forms of the Equine typo have 
been fully worked out; while those of nearly all the 
other existing types of Ungulate mammals and of 
the Carnivora have lieen almost as closely followed 
through the Tertiary deposits; the gradations be- 
tween birds and reptiles have been trailed; and the 
modifications undergone by the Crocodilia, from the 
Triassic e])Och to the jircsont day, have been demon- 
strated. On the evidence of paleontology, the evo- 
lution of many existing foims of animal life from 
tlieir predecessors is nolongepan hypothesis, but an 
historical fact; it is only the nature of the physio- 
logical factors to whh'h that evolution is due which is 
still open to discussion. 
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THE COMING OF AGE OF "THE ORIGIN 
OF SPECIES." 

Many of you will bo fomiliar with tlic aspoot of this 
small groen-oovcrod book. It is a copy of tli(^ first 
edition of the "Origin of Species," and l)(‘ars tli(‘ date 
of its production— the 1st of Octol)er 1859. Only a 
few months, therefore, are ncctftal to complete tlu* full 
tale of twenty-one years since its birtliday. 

Those whose memories carry them l>ack to this 
time will rememl)er that the infant was rc^markably 
lively, and that a ginait number of exc(‘llent jx'rsuiis 
mistook its manif(‘stations of a vigoi’ous individuality 
for mer(j naughtiness ; in fact tin ‘re was a very prett y 
turmoil al)out its cradle. My recollections of tin- 
period are particularly vivid ; for, having conceived a 
tender affection for a child of what appt*ared to me to 
be such remarkable promises, I acted for some time ni 
the capacity of a sort of under-nurse, and thus cain(^ 
in for my share of the storms which threatened the 
very life of the young creature. For some years it 
was undoubtedly warm work ; but considering how 
exceedingly unpfeasarit the apparition of the new- 
comer must have been to those who did not hill ni 



MI.] 


“TJIE ORIGIN OF SPECIES. 


311 


love with him at first sight, I think it is to the credit 
of our age that the war was not fiercer, and that the 
more bitter and unscrupulous forms of opposition died 
away as soon as they did. 

I speak of this period as of something past and 
gone, possessing merely an historical, 1 had almost 
said an antiquarian interest. For, during the second 
dc'cade of the existence of tlie “ Origin of Spe(aes," 
op])osition, though Ijy jio means d(aid, assumed a 
(liflerent as[)ect. On the part of all those who had 
any reason to respect themselves, it assuiiKal a thor- 
oughly resiiectful chanu^ter. J>y tliis time, the dullest 
began to perceive that the child was not likely to 
jKuish of any congenital weakness or infantile dis> 
ord(‘r, but was growing into^ a stalwart personage, 
u[)on wliojn mere goody s(a)ldings and threateiiings 
with the bii*(*ii-rod were quite thrown away. 

In fa('t, those who have watclual the progress of 
science within the last ten years will bear me out to 
the full, wIkui I assert that there is no field of bio- 
logical inquiry in whicli the influence of the “ Origin 
of Species” is not traceable; the fonmiost men of 
sci(mcc in every country are either avowed cham]>ions 
of its leading doctrines, or at any rate abstain from 
opposing them ; a host of young and ardent investi- 
gators seek for and find ins])iration and guidance in 
Mr. Darwin's great work ; and the general doctrine 
of evolution, to one side of Avhich it gives expression, 
obtains, in the phenomena of biology, a firm base of 
operations whence it may conduct ilte conquest of the 
whole realfh of nature. 
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History warns us, however, that it is the cus- 
tomary fate of new truths to begin as heresies and to 
end as superstitions ; and, as matters now stand, it is 
hardly rash to anticipate that, in another twenty 
years, the new generation, educated under the influ- 
ences of the present day, will be in danger of accepting 
the main doctrines of the ‘‘ Origin of Species,'' with as 
little reflection, and it may be with as little justifica- 
tion, as so many of our contemporaries, twenty years 
ago, rejected them. 

Against any such a consummation let us all 
devoutly pray; for the scientific s[)irit is of moi’c 
value than its products, and irrationally held truths 
may be more harmful than reasoned errors. Now tlie 
essence of the scientific spirit i%, criticism. It tells us 
that whenever a doctrine claims our assent we should 
reply. Take it if you can compel it. The struggle for 
existence holds as much in the intellectual as in the 
physical world. A theory is a species of thinking, 
and its right to exist is coextensive with its power of 
resisting extinction by its rivals. 

From this point of view, it appears to me tliat it 
would be but a poor way of ceh'brating the Coming of 
Age of tlie “Origin of Specie's," were I merely to 
dwell upon the facts, undoubted and remarkable as 
they are, of its far-reaching influence and of the great 
following of ardent disciples who are occupied in 
spreading and developing its doctrines. Merc insani- 
ties and inanities have before now swollen to por- 
tentous size in the course of twenty years. Let us 
rather ask this prodigious change in opinioh to justify 
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itself ; let us inquire whether anything has happened 
since 1859, which will explain, on rational grounds, 
why so many arc worshipping that which they burned, 
and burning that whhih they worshipped. It is only 
in this way that we shall acquire the means of judg- 
ing whether the movement we have witnessed is a 
mere eddy of fashion, or tridy one with the irrevers- 
il)lc curi’cnt of intellectual progress, and, like it, safe 
from retrogressive reaction. 

Every belief is the product of two factors : the 
first is the state of the mind to which the evidence in 
favour of that l)elief is presented ; and the second is 
the logi('al cogency of the evidence itself. In both 
these respects, the history of biological science during 
the last twenty yeai« appe^frs to me to afford an 
ample explanation of the change which has taken 
})laee ; and a brief consideration of the salient events 
of that history will enable us to understand why, if 
the “ Origin of Species ” appeared now, it would meet 
with a very dificrent reception from that which 
greeted it in 1859. 

One-and-twenty years ago, in spite of the work 
commen(!cd by Hutton and continued with rare skill 
{ind patience by Lyell, the dominant view of the past 
liistory of the earth was catastrophic. Great and 
sudden physical revolutions, wholesale creations and 
extinctions of living beings, were the ordinary machi- 
nery of the geological epic brought into fashion by 
the misapplied genius of Cuvier. It was gravely 
maintained and taught that the cM of every geo- 
logical epoch was signalised by a cataclysm, by which 
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every living being on the globe was swcj)t away, 
to be replaced by a brand-new creation when the 
world returned to quiescence. A scheme of nature 
which appeared to be modelled on the likeness of a 
succession of rubbers of whist, at the end of each of 
which the players upset the table and called for a 
new pack, did not seem to sho(;k anybody. 

I may be wrong, but I doubt if, at the present 
time, there is a single resjumsilde represeuitative of 
lliese o})inions left. The progress of S(;ientili<'> geo- 
logy has elevated the fundamental principle of uni- 
formitarianism, that the explanation of the past is to 
be sought in the study of the present, into the position 
of an axiom; and the wild speculations of the eatastro- 
pliists, to which we all Bstcned*^with respect a quarter 
of a century ago, would hardly find a single })ali(mt 
hearer at the present day. No physical g(?ologist 
now dreams of seeking, outside the range of known 
natural causes, for the explanation of anything that 
happened millions of years ago, any more than he 
would be guilty of the like absurdity in regard to 
current events. 

The effect of this change of opinion upon biologi('al 
speculation is obvious. For, if there have been no 
periodical general physical catastrophes, what brought 
about the assumed general extinctions and rc-crcatioiis 
of life which arc the corresponding biological cata- 
strophes? And, if no such interruptions of the. 
ordinary course of nature have taken place in the 
organic, any mor^ than in the inorganic, world, what 
alternative is there to the admission of evolution ? 
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The doctrine of evolution in biology' is tlie necos- 
saiy result of the logical a]:)plication of the principles 
of uniformitarianism to the phenomena of life. Dar- 
win is the iiatur??,! successor of Hutton and Lycll, and 
the “Origin of Species” the logical sequence of the 
“ Principles of Geology.” 

The fundamental doctrine of the “Origin of 
S[)e(iies/’ as of all forms of the theory of evolution 
applied to biology, is “that the innumerable species, 
genera, and families of organui beings with whh^li the 
world is peo[)lcd have all descended, each within its 
own class or group, from common parents, and have 
all been modified in the course of descent.” ^ 

And, in view of the facts of geology, it follows 
that all living aninufls and^plants “are the lineal 
descendants of those which lived long before the 
Silurian epoch.” “ 

It is an obvious consequence of this theory of 
descent with modification, as it is sometimes called, 
that all plants and animals, how'cvcr diflerent they 
may now be, must, at one time or other, have been 
connected by direct or indirect intermediate grada- 
tions, and that the appearance of isolation presented 
by various groups of organic beings must be unreal. 

No part of Mr. Darwin\s work ran more directly 
counter to the prepossessions of naturalists twenty 
years ago than this. And such prepossessions were 
very excusable, for there was undoubtedly a great 
deal to be said, at that time, in favour of the fixity of 

‘ “ Origin of S[)ccie8,” cil. 1, p. 457. 

“ mi p. 458. 
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species and of the existence of great breaks, which 
there was no obvious or probable means of filling up, 
between various groups of organic beings. 

For various reasons, scientific and unscientific, much 
had been made of the hiatus between man and the 
rest of the higher mammalia, and it is no wonder 
that issue was first joined on this part of the con- 
troversy, I have no wish to revive past and happily 
forgotten controversies ; but I must state the simple 
fact that the distinctions in the cerebral and otlier 
characters, which were so hotly affirmed to separate 
man from all other animals in 18G0, have all beim 
demonstrated to be non-existent, and that the con- 
trary doctrine is now universally accepted and tauglit. 

But there were other cas^s in which the wide 
structural gaps asserted to exist between one groiij) 
of animals and another were by no means fictitious; 
and, when such structural breaks were real, ]\Tr. 
Darwin could account for them only by supposing 
that the intermediate forms which once existed had 
become extinct. In a remarkable passage he says — 

“ AVe may thus account even for the distinctness of 
whole classes from each other — for instance, of birds 
from all other vertebrate animals — by the belief that 
many animal forms of life have been utterly lost, 
through which the early progenitors of birds were 
formerly connected with the early progenitors of the 
other vertebrate classes.” ^ 

Adverse criticism made merry over such sugges- 
tions as these. 6f course it was easy to get out of 
1 ‘^Origin of the Species,” p. 431. 
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tlie difficulty by supposing extinction ; but wlicre was 
the slightest evidence that such intermediate forms 
between birds and reptiles as the hypothesis required 
ever existed ? And then probably followed a tirade 
upon this terrible forsaking of the paths of “Baconian 
induction." 

But the progress of knowledge lias justified Mr. 
Darwin to an extent which could hardly have been 
anticipated. In 18 G 2 , the speidmen of Arcluvopteryx, 
which, until the last two or three years, has remained 
unique, was discovered ; and it is an animal which, in 
its feathers and the greater part of its organisation, 
is a veritable bird, while, in other parts, it is as dis- 
tinctly reptilian. 

In 1868, 1 had th(^honouj of bringing under your 
notice, in this theatre, the results of investigations 
made, up to that time, into the anatomical characters 
of certain ancient reptiles, which showed the nature 
of the modifications in virtue of whi(di the type of 
the quadrupedal rcqitile passed into that of a bipedal 
bird ; and abundant confirmatory evidence of the 
justice of the conclusions which I then laid before 
you has since come to light. 

In 1875 , the discovery of the toothed birds of th(‘ 
cretaceous formation in North America by Professor 
Marsh completed the series of transitional forms 
between birds and reptiles, and removed Jlr. Darwin's 
proposition that “many animal forms of life have 
been utterly lost, through which the early progenitors 
of birds were formerly connected with the early 
progenitor^ of the other vertebrate classes," fi’om 
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the region of hypothesis to that of demonstrable 
fact. 

In 1859, there appeared to be a very sharp and 
clear hiatus between vertebrated and inverlcbratcd 
animals, not only in their structure, but, what was 
more important, in their development. I do not 
think that we even yet know the precise links of 
connection between the two; but the invest igaiions 
of Kowalewsky and others upon the des'clopment of 
AmpliioxHS and of the Tanieata ju’ove, Ix'yoiid a 
doubt, that the dillerences whicdi wi-re su])posed to 
constitute a barrier between the two are iion-exisleiit. 
There is no longm* any dilheiilty in understanding 
how the vertebrate type* may have arisen from the 
invertebrate, though the full }v;oof of the manner in 
whicdi tlie transition was actually eftected may still 
be lacking. 

Again, in 1859, thcTC appeared to be a no h'ss 
sharp separation bcTweeii the two great grou])S ol 
flowering and flowerless jdants. It is only subse- 
quently that tin; series of remarkabh'. investigations 
inaugurated by llofmeisler has brought to light the 
extraordinary and altogether unex})eeted modili(*ations 
of the repro(lucti\'e ap])aratus in tli(‘ Ljicopodlaceai^ the 
Rhizocarpew, and tlie Oi/ninospenncw, by which the 
ferns and the mosses arc^ gradually connected with lln' 
Pham.'rogarnie division of tlui vegetable world. 

So, again, it is only since 1859 that we have ac- 
quired tliat wealth of knowledge of the lowest lojiiis 
of life which dcmdustratc’s the futility of any attenii't 
to separate the lowest plants from the low(!St animals 
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ami shows that the two kingdoms of living nature 
have a common borderland which belongs to both or 
to neither. 

Thus it will be observed that the whole tendency 
of biological investigalion, since 1859, has lieeii in the 
direction of removing the difliculties which tlie appa- 
r(*nt breaks in tlie scries created at that time ; and the 
recognition of gradation is the first step towards the 
acceptance of evolution. 

As another mvat factor in brlnmn" about the 

t> DO 

(hange of oj»iniou which has taken place among 
naturalists, I count the astonishing jirogress which 
has l)ecn made in the study of embryology. Twenty 
years ago, not only were we devoid of any accurate 
knowledge of the m^dc of •development of many 
groups of animals and plants, but the methods of in- 
vestigation were rude and imjierfect. At the present 
time, there is no important group of organic beings 
the dcvt‘!opment of which has not been carefully 
stuilied; and the modern methods of hardening and 
section -making enable the embryologist to determine 
the nature of the }»rocess, in each (‘ase, with a degree 
of minuteness and a(‘curacy which is tndy astonishing 
to those whose memories carry them back to the 
beginnings of modern histology. And the results of 
tliese embryologi(ail investigations are in com})letc 
harmony with the requirements of the doctrine of 
evolution. The first beginnings of all the higher 
forms of animal life arc similar, and however diverse 
their ndidt conditions, tliey start %from a common 
foundation.® Moreover, the process of development 



320 the coming op age of [lect. 

of the animal or the plant from its primary egg or 
germ is a true process of evolution — a progress from 
almost formless to more or less higlily organised 
matter, in virtue of the properties inherent in that 
matter. 

To those who are familiar with the process of 
development, all Hiwiori objections to the doctrine of 
biological evolution appear childish. Any one who 
has watclied the gradual formation of a (‘omplicated 
animal from the protoplasmic mass, whicli const itut(‘s 
the essential element of a frogs or a hen s egg, lias 
had under his eyes suflicient evidence that a similar 
evolution of the whole animal world from the like 
foundation is, at any rate, possible. 

Yet another product of inyestigation has largi'ly 
contributed to the removal of the objeedions to the 
doctrine of evolution current in 1859. It is the proof 
afforded by successive discoveries tliat iMr. Darwin did 
not over-estimate the imperfection of the geological 
record. No more striking illustration of this is 
needed than a comparison of our knowledge of the 
mammalian fauna of the Tertiary epoch in 1859 with 
its present condition. M. Oaudry s researches on the 
fossils of Pikermi were published in 18G8, those of 
Mc^ssrs. Leidy, jMarsh, and Cope, on the fossils of the 
Western Territories of America, Iiave appeared almost 
wholly since 1870, those of M. Filhol on the j)lios- 
phorites of Quercy in 1878. The general cfiect of 
these investigations has been to introduce to us a 
multitude of extinct animals, the existence of wliic'h 
was previously hardly suspected ; just as if zoologists 
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were to ])eeomo acquainted with a country, hitherto 
unknown, as ricli in novel forms of life as Brazil or 
Houtli Africa once were to Europeans. Indeed, the 
fossil fauna of the Western Territories of America bids 
fair to exceed in interest and importance', all other 
Icnown Tertiary deqiosits put togetlier ; and yet, with 
tlie exception of the case of the American tertiaries, 
these investigations have extended over very limited 
areas ; and, at Pikenni, were confined to an extremely 
small space. 

Such appear to me to be the chief events in the 
liistory of the progri'ss of knowledge during the last 
t\v(‘iily years, A\lii('li aci'ount for the changed feeling 
with which tla^ doctri.'ie of i®s’oliition is at present 
r('gard(‘d by lhos(i who have followed the advance of 
hi*)logi('al S(Me]i('(', in rcspcict of those problems which 
hear indin'ctly iqxm that doctrine. 

Put all this remains more S(‘condary evidence. It 
may remove dissent, but it does not compel assent. 
Primary and direct evidence in favour of evolution 
can be fui-nished oiil\' by paheontology. The geologi- 
cal iv('ord, so soon as it apt)roaches completeness, 
must, when propiu’ly questioned, yield cither an 
cllinnative or a, negaliv(' answer: if evolution has 
teken pJac(‘, there will its mark be left ; if it has not 
hikeu [dace, tlume will lie its refutation. 

What was the state of matters in 18 o!) ? Let us 
hear j\lr. Darwin, who may b(‘, tiaisUal always to state 
iigainst himself as strongly a% possible. 

*‘l)n llfls doctrine id the extermination ol an 
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infinitude of connecting links between the living and 
extinct inhabitants of the world, and at each succes- 
sive period between the extinct and still older species, 
why is not every geological formation charged Avith 
such links ? Why docs not every collection of fossil 
remains aflford plain evidence of the gradation and 
mutation of the forms of life? We meet with no 
such evidence, and this is the most obvious and 
plausible of the many objections which may be urged 
against my theory/' ^ 

Nothing could have been more usedul to tluj 
opposition than this (diaracteristically candid avowal, 
twisted as it immediately Avas into an admission tliat 
the Avriter s vieA\^s Avere contradicted by the facts of 
palaeontology. Hut, in fact,^ JMr. Darwin made no 
such admission. What he says in efiect is, not tliat 
palaeontological evidence is against him, Init that it is 
not distinctly in his faAmr; and, Avithout attempting 
to attenuate the fact, he accounts for it liy the 
scantiness and the imperfection of that evidence. 

What is the state of tin* case now, wlien, as wc 
have seen, the amount of our knowledge r(‘S[)ccting 
the maniJiialia of tin*. Trrtiary epoch is im-reasi'd 
fifty-fold, and in some directions evcJi a|)[)roaclics 
completeness ? 

Simjily this, that, if the doedrine of evolution had 
not existed, paleontologists must have invented it, so 
irresistildy is it forced upon the mind by the study ol 
the remains of the Tei-tiary mammalia Avhich have 
been brought tonight since 1859. 

’ “ of Species,” erl. 1, p. 103. 
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AinoiijY tli(3 fossils of Pikoriiii, Gnudry foniul the 
siK'cessivo stag(\s hy which the aiicioiit civets passed 
into the inoi*e modem hymmis; tlirough the Tertiary 
d(;[)Osits of Westc,rii Amerh-a, Marsli tracked tlie suc- 
cessive forms l)y whicli the ancient stock of tlie horse 
has passed into its present form ; and innumerable less 
complete' indications of the mode of evolution of other 
groups of tin* higher mammalia liave been obtained. 
|ji the remarkable memoir on the phosphorites of 
(,)uer('y, to whh'h I have referred, M. Filhol describes 
no fcw(T than seventeen varieties of the genus Q/no- 
which fill up all the interval between the 
viv('riiie animals and the bear-lik(i Amj^lnq/on ; 
nor do I know any solid ground of obje(‘tioii to the 
sup])Osi(i()U that, in iln^’^Ci/nodlcf ts-A n) plnc;/on group, 
W(* have the stock whence all the Viveridin, Felidre, 
llyjenidm, (\ini(hv, and pi'rhaps the rrocyonhhe and 
Lh'sida', of the pivsmit fauna have bei'u (Solved. On 
the ('ontrary, tln're is a gi'cat d^ail to be said in favour. 

In the. course of summing u[>his results, M. Filhol 
ol>,->crves — 

“During the epoch the pho>plu»rites, gr(*at 
<‘lniiiges took j>lace in animal forms, and almost the 
Niiii(‘, tyjK’s as thos(‘ which iu>w exist became detined 
hoiu one another. 

“Under the inihiencc of natural eonditi<uis of 
which we have no exact knowledge, though tra^'cs of 
fhein are discoverable, spetui's have bet'ii modified in 
Ihousand ways : rac(*s have arisen which, bei'oming 
*'^^'d, have thus produced a corresponding number of 
^''<'ondary sp(‘('ies.” 
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In 1859, language of which this is an unin- 
tentional paraphrase, occurring in the ‘‘ Origin of 
Species," was scouted as wild speculation ; at present, 
it is a sober statement of the conclusions to which an 
acute and (Titically-minded investigator is led bv 
large and patient study of tlie fiicts of palajontology. 
I venture to repeat what I have said before, that, so 
far as the animal world is concerned, evolution is no 
longer a speculation, but a statinnent of liistori('al 
fact. It takes its ]»lace alongside of those ac(*e])j(_‘(l 
truths which must be reckoned with by pliilosopliers 
of all schools. 

Thus wlicn, on llic first day of Octo])er next, tin*, 
“Origin of Species" conies of age, tin* [ironiisi* of its 
youtli will In* am|dy ltdfilleik, and we shall be |>iv- 
pared to congratulati*, the venerated author of tin* 
book, not oidy that th(‘ greatness of his achievcini*iit 
and its enduring inlluein'e upon the progress of know- 
ledge liave won him a place beside our Harvey; but, 
still more, that, like Harvey, he lias lived long cnougli 
to outlast detraction and opjiosition, and to see the 
stone that the builders rejected become the head-stone 
of the corner. 
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XIII. 

THE CONNECTION OF THE BIOLOGK’AL 
SCFENCES WITH MEDICINE. 

The groat body of tliooroticnl and practii'al knowledge 
wliioh lias boon aocuinulat(‘d by tlic labours of some 
eiglity generations, since the dawn of scientific thought 
in Europe, lias no collective jEnglish name to which 
an ol)je(:tion may not tie raised; and I use the term 
'‘medwine as that which is least likely to be mis- 
understood ; thougli, as every one knows, the name is 
eoinmonly apjdied, in a narrower sense, to one of the 
cliii'f divisions of tlie totality of medical science. 

'raken in this liroad sense, “medicine” not merely 
denotes a kind of knowledge, but it compreliends the 
various a[)pli(‘ations of tliat knowledge to the allevia- 
tion of the sufferings, the repair of the injuries, and 
the conservation of the health, of living beings. In 
fact, the practieal aspect of medicine so far dominates 
over every other, that the “Healing Art” is one of 
its most widely-received synonyms. It is so difficult 
h) think of medicine otherwise than as something 
which is necessarily connected witji curative treat- 
ment, that JVC .are apt to forget that there must be, 
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and is, such a thing as a pure science of medu'iiie — 
a “pathology^' whicli has no more necessary suh- 
servience to practical ends tliaii has zoology or 
botany. 

Th(‘ logical connection between this purely sci^aitific 
doctrine of disease, or pathology, and ordinary biolog;-, 
is easily traced. Living nijitlcu* is cliaracdcaisud ])y its 
innate tendency to exhibit a didinile s(‘ri(‘s of tlu* 
nioi|)liologi«'al an<l jdiysiologic'al j»li(aioinena. ^^lli(‘Il 
eonstitiile oiganisati<jn and lile. (Jiven a, e(‘iiaiii 
range of (‘oiidil icnis, and ilu'se ])li(“no]n(‘na rciimin 
tin' same, within narrow limits, for each kind df 
living thing. They furnish the normal and ty|»ie:il 
(diaracp'r of the spe<'ies, and, as such, they are tin- 
subject-inatter of ordiiiftiy biology. 

Outside tlu! rangn of these conditions, tin' normal 
course of the cycle of vital phenomena is disturhed ; 
abnormal structure makes its aj»pearan(;e, or tin' ])ro- 
per character and mutual adjustment of the functions 
cease to la; preserved. The extimt and the import a in-e 
of these deviations fj’oni the ty{)ical life may vary in- 
d(dinit('ly. They may have no noticeabh*, inlluenca* on 
the general well-being of the economy, or tiny may 
favour it. On the* other hand, tiny may be of such a 
nature as to impede the activities of the organism, or 
even to invijlve its destruction. 

In the first cas(‘, these j)ei’tui'bations are ranged 
under the wide and somcAvliat vague cat<‘gory <>1 
‘Variations;” in tin*, second, they arc called lesions, 
states of poisoning-, or disease.s ; and, as morbid sta<es, 
they lie within the province of pathology.* No slni>T 



XITI.] THE BIOLOGICAL SCIENCES AND MEDICINE. 327 


line of demarcation can be drawn between the two 
classes of phenomena. No one can say where ana- 
tomical variations end and tumours begin, nor where 
modification of function, Avhich may at first promote 
health, passes into disease. All that can be said is, 
that whatever change of structure or function is hurt- 
ful belongs to pathology. Hence it is obvious that 
pathology is a branch of biology; it is the morphology, 
the physiology, the distribution, the [etiology of ab- 
normal lifii. 

llowevtu’ obvious this conclusion may be now, it 
WHS nowise apparent in tlie infancy of medicine. For 
it is a i)eculiarity of tlu‘ physical sciences, that they 
are iiuh'pendent in ]>roportiou as tliey arc imperfect; 
and it is only as tliey jidvancti that the bonds which 
ri'ally unite tliem all become apparent. Astronomy 
had no inanifi'st (‘oniu'ction with terrestrial physics 
ludbre the publication of the “Principia;” that of 
cla'inistry with physics is of still more modern revela- 
tion ; that of pliA'sics and chemistry with physiology, 
has been stoutly denied within the recollection of most 
of us, and perhaps still may be. 

Or, to take a case Avhich aflbrds a closer parallel 
with that of medicine. Agriculture has been culti- 
vated from the earliest times, and, from a remote 
‘‘inii(|uity, men have attained considerable lAractical 
skill in tlic cultivation of the useful plants, and have 
f'nipiiically established many scientific truths concern- 
the conditions under which they fiourish. But, it 
is within the memory of many of us, that chemistry 
the oiK? hand, and vegetable physiology on the 
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other, attained a .stage of develojanent .such tlial lliey 
wen' aide to fiirnisli a sound l)asLs for seicMitific agri- 
cultiire. Similarly, im.Hlieine took its rise in the 
practical needs of mankind. At first, studied without 
reference to any other branch of knowledge, it long 
maintained, indeed .still to .some extent maintains, 
that independence. Historically, its connection with 
the biological .scieiicc^s has been slowly established, 
and the full extent and intimacy of that conni'ctiou 
are only now beginning to be ap[)arent. I trust I 
have not been mistaken in .supposing that an attem[i( 
to give a bri(‘f .sketidi of the sb'ps by whicJi a pliilu- 
sophical neces.sity has become an historical realilv, 
may not be devoid of interest, po.ssibly of instruction, 
to the members of tliM grea^, (^)ngress, pi-ofoundly 
interested as all an* in the schuitilic development of 
medicuiK'. 

Tlie history of medicine is more com]det(‘ and 
fuller than that of any other .sei(‘nc(‘, except, perliaps, 
astronomy; and, if we follow back tin* long ivcord as 
far as clear evideiiee lights ns, we find onrs(‘lves t.ak(‘n 
to the early stages of the civilisation of (Ij’eeei*. Tlie 
oldest ]ios])itals were tin* temples of yMsculapius ; tc 
the.se A.sclcpeia, always ercel(*d on healthy sites, hard 
by fresh spiungs and surrounded by shady groves, tlic 
sick and the mainnal resorted to seek the aid of tin* 
god of health. Votive tablets or inscrijitions recorded 
the .symiitoms, no less than the gratitinh^, of tho.se who 
were healed; and, from the, so primitive clinical rc(;ords, 
the half-priestly, half-philo.soidiic caste of the Asclc- 
piad.s comiiiled the data iii>on Avliicli flic earliest 
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geiRTnlisatioiis of me(li('ino, as an ihduelive science, 
were based. 

In tliis state, pallndogy, lib*, all the inductive 
sciences at their origin, was merely natural history ; 
it registered the phenomena of disease, classified them, 
and ventured upon a prognosis, wherever the observa- 
tion of constant co-existences and sequences suggested 
a rational expectation of the like recurrence under 
si mil ar c i r(mm s t ance s. 

Fui ther than this it hardly went. In fact, in the 
then state of knowledge, and in the condition of idiilo- 
sophical speculation at. that time, neither the causes 
of the morbid state, nor the rationale of treatment, 
were likely to lx* sought for as we seek for them now. 
The anger of a god «kvas a feuffieient ri'ason for the 
existence of a malady, and a dream ample warranty 
for therapeutic measures ; that a }>hysical phenomenon 
must needs have a physical cause was not the implied 
or (*x])r(‘ssed axiom that it is to us moderns. 

Th(* great man whose name is inseparately con- 
nected with tlu‘- foundation of medicine, Hippocrates, 
certainly knew very little, indeed practically nothing, 
of anatomy or physiology ; and he Avould, probably, 
have been peri)lexcd, even to imagine the possibility 
of a connection between the zoological studies of his 
contemporary Democritus and medicine. Neverthe- 
less, in so far as he, and those who worked beforii and 
Jiftcr him, in the same spirit, ascertained, as matters 
of experience, that a wound, or a luxation, or a fever, 
presented such and such sympt^ms, and that the 
return of the patient to health was facilitated by such 
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and sncli monsiuTs, tliey established laws of nature, 
and began the construction of the science of pathology. 
All true science begins with empiricism — though all 
true science is such exactly, in so far as it strives to 
pass out of the empirical stage into that of the dcduc,- 
tion of empirical from more genei’al truths. Thus, it 
is not wonderful, that the early physicians had little 
or nothing to do with the devcloimieiit of biological 
science; and, on the other hand, that the early bio^ 
legists did not much concern themselves with UK'di- 
cine. There is nothing to show that the Asclepiads 
took any prominent shan^ in tin; work of founding 
anatomy, ])hv8iology, zoology, and botany. Halli(‘r 
do these seem to have sju'ung from the (‘arly ])liilo- 
so[)hers, who were essentially mat ural ])hilosoplicrs, 
animat(Ml by the characteristically Greek thirst for 
knowledge as sindi. Pythagoras, Alcmeon, Tkanocritiis, 
Diogenes of Apollonia, ar(5 all creditial wilh anatomical 
and jihysiological investigations ; and, though Aristotle 
is said to have belonged to an Ascle})iad family, and 
not improbal)ly owed his taste for anatomicid and 
zoological inquiries to the teachings of his father, 
the physician Nicomachus, the “ Jlistoria Animalium/' 
and the treatise *‘De Partibus Animalium,” arc as tree 
from any allusion to medi(dne as if tlu'.y had issued 
from a modern biological laboratory. 

It may be added, that it is not easy to sec in what 
way it could have benefited a physician of Alexanders 
time to know all that Aristotle knew on these subjiuds. 
His human anatomy was too rough to avail much ju 
diagnosis ; his physiology was too erroneous to supply 
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(lata for patliologic'al reasoning. lUit wlien the Alex- 
andrian school, with Erasistralns and Ilerophilus at 
their liead, turned to ac^count the opportunities of 
studying human structure, afforded to them by the 
rtolemies, the value of the large amount of accurate 
knowledge thus obtained to tlie surgeon for his 
o[)erations, and to the physician for his diagnosis of 
internal disoidiTs, became obvious, and a connection 
w;is (‘stablished b(‘tweeii anatomy and medicine, which 
lias ever be('onic ch»ser and closer. Since the revival 
of learning, surgery, medical diagnosis, and anatomy 
have g()ne hand in hand. Alormu^ni called his irreat 
work, l)e si'dibus et causis morborum per anatomeii 
indagatis,” and not only showed the way to search out 
the localities and tli^ caus(?j? of dis(‘asc by anatomy, 
but himself travelled wonderfully far upon the road, 
llichat, disci’iniinating the grosser constituents of the 
organs and jiarts of the body, one from another, 
liointed out the direction which modern resi^arch 
must take; until, at length, histology, a science of 
yesterday, as it seems to many of us, has carried the 
work of Jloigagiii as far as th(‘ microscope can take 
ns, and has extciuh'd the realm of pathological anatomy 
to the limits of the invisible world. 

Thanks to the intimate alliaiuv of morphology 
nuth iiK'dicine, the natural history of disease has, at 
the present day, attained a. high degree of perfection. 
Acetate regional anatomy has rmidered practicable 
tlie exploration of the most liidden parts of the 
organism, and the determination, diiring life, of morbid 
^‘hanges in them ; anatomical and histologi(*al post- 
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mortem investigations have supi)lie(l pliysicians with 
a clear basis upon whicli to rest tlic classification of 
diseases, and with unerring tests of the accuracy or 
inaccuracy of their diagnoses. 

If men could be satisfied with pure knowledge, the 
extreme precision with which, in these days, a sufferer 
may be told what is happening, and what is likely to 
ha])pen, even in the most recondite })arts of his bodily 
frame, should be as satisfiictoiy to the patient as it is 
to the scientific pathologist who gives him the infor- 
mation. J3ut I am afraid it is not; and even tla^ 
practising physician, whih^ nowise underestimating 
the regulative value of accurate diagnosis, must often 
lament that so much of his knowh'dge rather ])revcn Is 
him from doing wrong than helps him to do right. 

A scorncr of physic once said that nature and dis- 
ease may be compared to two men fighting, the doctor 
to a blind man with a club, who strikes into the nn’/cV, 
sometimes hitting the disease, and sometimes hitting 
nature. The matter is not mended if you suppos(‘ tlic 
blind mans hearing to be so acute that he can register 
every stage of the struggle, and j)retty clearly predict 
how it will end. IL*. liad better not meddle at all, 
until his eyes arc ojiencd — until he can see the exact 
position of the antagonists, and maki*. sure of ilu^ 
effect of his blows. But that whicli it behoves tluj 
physician to see, not, indeed, with his bodily eye, bat 
with clear, intellectual vision, is a process, and tin' 
chain of causation involved in that process. Diseas(', 
as we have seen, •is a perturbation of the norm;'.! 
activities of a living body, and it is, and mifct remain, 
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unintelligible, so long as we are ignorant of the nature 
of these normal activities. In other words, there could 
be no real science of pathology until the science of 
physiology had^ reached a degree of perfection un- 
attained, and indeed unattainable, until quite recent 
times. 

So far as medicine is concerned, I am not sure 
that physiology, such as it was down to the time of 
Harvey, might as well not have existed. Nay, it 
is perhaps no exaggcrntioii to say that, within the 
memory of living men, justly renowned practitioners 
of medicine and surgery knew less physiology than is 
now to 1)0 leariu‘d from llie most elementary text-l)ook ; 
and, lK‘yond a few broad facts, regarded what they did 
know as of extrem«ily littfc practical importanct*. 
Noj’ am 1 disposed to ])lamo them for this (‘onclusion ; 
physiology must l)e useless, or worse tlian useless, to 
[)alhology,‘’ so long as its fundamental conceptions aiv. 
erroneous. 

J larvey is often said to be the founder of modern 
physiology; and there can be no (piestion that tlic 
elucidations of tlie function of the heart, of the nature 
of the pulse, and of the course of the blood, put forth 
in the cver-memorable little essay, ‘‘De motu cordis,'’ 
directly worked a revolution in men’s views of the 
nature and of the concatenation of some of the most 
important physiological processes among the higher 
animals ; while, indirectly, their influence was perhaps 
<‘V(‘n more, remarkable. 

Hut, thougli Harvey made thfh signal and peren- 
idally inqtortant contribution to the |)hysioh)gy of the 
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moderns, diis gimcral ooneeptioii of vital processes 
was essentially identical with that of the ancients; 
and, in the Exercitationcs dc generatione,” and 
notably in the singular chapter “Do calido innate,” 
he shows himself a true son of Galen and of Aristotle. 

, For Ifarvey, the blood possesses powers superior 
to those of the elements ; it is the seat of a soul whicli 
is not only vegetative, but also sensitive and motor. 
The blood maintains and fashions all parts of the 
body, ‘‘idque summa cum providentia vt inhdiectu in 
finem certum ageijs, (piasi ratiocinio (juodam uterctiir.” 

Here is the doctrine of the ‘‘pneuma,” tin* })roduet 
of the philosophical mould into wlih'h tli(‘ animism of 
primitive men ran in Greece, in full force. Nor did its 
strength abate for lonj^ after Jlarvey s time. Tlu' 
same ingrained tendency of the human mind (o sup- 
pose that a pro('ess is ex[>lained wlnm it isasciil)eil 
to a power of which nothing is known except that it 
is the hypotli(‘lical agimt of tin* process, ga\’e ris(‘, in 
the next century, to tlui animism of Slalil ; and, later, 
to th(^ doctrine of a \ital priin'i]>le, that “aMlmn 
igiioraiitim” of physiologists, which has so easily 
accounted foi* everything and explained nothing, 
dowji to our own times. 

Now the essence of modern, as contrasted with 
ancient, physiological science* a]>pcars to me to Ih* in 
its antagonism to animistic hypotheses and animisti(‘ 
phraseology. It oflers physical exj)lanations of vital 
phenomena, or frankly confesses that it has none to 
oficr. And, so far* as I know, the first person who 
gave expression to this modern view of physiology, 
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wlio was bold eiiougli to enunciate tlic proposition 
that vital plienom(3na, like all the other pheiioinena of 
the physical world, are, in ultimate^ analysis, resolvable 
into matter and motion, was Rene Descartes. 

The fifty-four years of life of this most original 
and powerful thinker are widely overlapped, on both 
sides, by the eighty of Harvey, who survived his 
younger contem})orary hy seven years, and takes 
pleasure in acknowledging the French philosophers 
appreciation of his great discovery. 

In fact, Descartes accepted the doctrine of the 
circulation as propounded by '‘llarvieus medecin 
d’Angh'terrc,” and gave a full account of it in his first 
work, the famous Discours de la Melhode,” which was 
published in 10:17, on|^^ nine^years after the exorcita- 
tion “De motu cordis;” and, though diflering from 
Harvey on some important points (in which it may be 
noted, in passing, Descartes was wi’ong and Harvey 
right), he always speaks of liim with great respect. 
And so iini)ortant does the subject seem to Descartes, 
that he retui'us to it in the “Iraitu des Fassions, and 
in the “'IVaite de rilomme.” 

It is easy to see that Harveys work must have 
had a peculiar significance fi»r tlic subtle thinker, to 
wlioiu we owe both the spiritualistic and the material- 
istic philosophies of modern times. It was in the 
very year of its ] ml dicat ion, IG‘28, that Descartes 
withdrew into that life of solitary investigation and 
nieditation of which his phiiovsophy was the tiuit. 
And, as tin* coursi*. of his speculMions led him to 
i-sLablish itii absolute distinction oi nature between 
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the material and the mental worlds, he was logically 
compelled to seek for the explanation of the pheno- 
mena of the material world within itself ; and having 
allotted the realm of thought to the soul, to see nothing 
but extension and motion in the rest of nature. 
Descartes uses ‘‘thought” as the equivalent of our 
modern term “ consciousness.” Thought is the func- 
tion of the soul, and its only function. Our natui'al 
heat and all the movements of the body, says he, (h^ 
not depend on the soul. Death does not take place 
from any fault of th(‘ soul, but only because; senne of 
the ju’ineipal parts of the body become corrupt(‘(l. 
The body of a living man differs from that of a, dead 
man in the saim; way as a walch or other antoinaton 
(that is to say, a machine whicl^jinoves of itsi'lf ) wlc'ii 
it is wound up and has, in itself, tin* physical priji(‘i[)l'‘ 
of the movements whicJi tin; nnadianism is adapli'd to 
perform, differs fnnn the same watch, or olhei’ machine, 
when it is broken, and the jdiysical primdple of its 
movement no longer exists. All the actions which 
are common to us and the lower animals de[)end only 
on the conformation of our organs, and the course 
which the animal s[)irits tak(; in the brain, the ncrvi-s, 
and the muscles ; in the saim* way as the movement 
of a watch is produced by nothing but the force of its 
spring and the figun; of its wheels and other [mrts. 

Descartes “ Treatise on Man ” is a sk(;tch of human 
jdiysiology, in which a bold attem[)t is made to ex|)lain 
all the phenomena of life, except those of conscious- 
ness, by physical fcasonings. To a mind turned in 
this direction, Harveys exposition of tlic* heart and 
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vessels as a hydraulic mechanism must have been 
supremely v/elcome. 

Deseartes was not a mere philosophical theorist, 
but a hardworking dissector and experimenter, and he 
held the strongest opinion respecting the practical 
value of the new conception which he was introducing. 
He speaks of the importance of preserving health, and 
of the dependence of the mind on the body being so 
close that, peihaps, the only way of making men 
wiser and better than they are, is to be sought in 
medical science. “ It is true,” says he, “ that as medi- 
cine is now practised, it contains little that is very 
useful ; but without any desire to depreciate, I am 
sure that tliere is no one, even among professional 
men, who will not declare t\mt all we know is very 
little as compared with that which remains to be 
known; and that we might escape an infinity of 
diseases of the mind, no less than of the body, and 
even perhaps from the weakness of old age, if we had 
suditient knowledge of their causes, and of all the 
remedies with which nature has provided us.” ^ So 
strongly impressed was Descartes with this, that he 
resolv(‘d to spend the rest of his life in trying to 
acfpure such a knowledge of nature as would lead to 
the construction of a better medical doctrine.” The 
anti-Cartesians found material for cheap ridicule in 
those aspirations of the philosopher ; and it is almost 
needless to say that, in the thirteen years whieh 
elapsed between the publication of the ‘‘Discours and 

' “ Discours de la MtHbodo,” 6* parlio, Ed. Cousin, p. 193 
^ Ibid. pp. 193 and 211. 

Z 
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the death of Descartes, he did not contribute much to 
their realisation. But, for the next century, all pro- 
gress in physiology took place along the lines which 
Descartes laid down. 

The greatest physiological and pathological work 
of the seventeenth century, Borelli's treatise “De 
Motu Animalium,” is, to all intents and ])urposes, a 
development of Descartes' fundamental conce})tioii ; 
and the same may be said of the physiology and 
pathology of Boerhaave, whose authority dominated 
in the medical world of the first half of the eightcentl] 
century. 

With the origin of modern chemistry, and of 
electrical science, in the latter half of the eighteeiilli 
century, aids in the analysis of tlie phenomena of life, 
of whi(di Descartes could not have dreamed, W(‘iv 
offered to the physiologist. And the greater part of 
the gigantic progress which has been inadi! in tlu* 
]nesent century is a justification of tluj prevision of 
Descartes. lAu' it consists, essentially, in a more aiul 
more com[)lete ri*soIiition of the grosser organs of the 
living body into physico-chemical mechanisms. 

‘‘ I shall try to explain our whole bodily machinery 
in such a way, that it will lie no more necessary for 
us to suppose that the soul produces such movements 
as are not voluntary, than it is to think that there is 
in a clock a soul which causes it to show the hours. 
These words of Descartes might be appropriately taken 
as a motto by the author of any modern treatise on 
physiology. 


1 “ De la Formation du Fectus.’ 
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But though, as I think, there is no doubt that 
Descartes was tlie first to propound the fundamental 
conception of the living body as a physical mechanism, 
which is the distinctive feature of modern, as con- 
trasted with ancient physiology, he was misled by the 
natural temptation to carry out, in all its details, a 
parallel between the niacliines with wliieh he was 
lamiliar, such as clocks and pieces of hydraulic 
;Hiparatii.s, and the living macliine. In all such 
machines tlicrc is a central source of power, and the 
[)arts of the machine are merely passive distributors of 
that power. Tlie Carto.dan school conceived of the 
living body as a machine of this kind; and herein 
they might have learned from Galen, who, what- 
ever ill use he mayohave made of the doctrine of 
“ natural faculties,” iievertheless had the great merit 
of perceiving that local foives play a. great part in 
]hysiology. 

The same truth was recognised by Glisson, but it 
was first promiii'.'ntly brought forward in the Halleriau 
doctrine of the “vis insita” of muscles. If muscle 
can contract without nerve, there is an end of the 
('artesian mechanical explanation of its contraction by 
the iiiHiix of animal s]»irits. 

The discoveries of Tremhley tended in the same 
direction. In the freshwater Hydra, no trace was to 
lie found of that complicated machinery upon which 
the pm-forraauce of the functions in the higher 
animals was supposed to depend. And yet the hydra 
'iinved, fed, grew, niulliplicd, and*its fragments ex- 
hibited afl the powers of the whole. And, finally, 
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the work of Caspar F. Wolff/ by demonstrating the 
fact that tlie growth and development of both plants 
and animals take place antecedently to the existence 
of their grosser organs, and are, in fact, the causes 
and not the . consequences of organisation (as then 
understood), sapped the foundations of the Cartesian 
physiology as a complete expression of vital pheno- 
mena. 

o 

For Wolff, the physical basis of life is a fluid, 
possessed of a ‘‘ vis ossentialis” and a ‘‘ solidescibili- 
tas,'’ in virtue of which it gives rise to organisation ; 
and, as he i)oints out, this conclusion strikes at tlie 
root of the whole iatro-mechanical system. 

In this country, the great authority of John 
Hunter exerted a similar inlli^nce ; thougli it must 
be admitted that tlic too sibylline utterances wliicli 
are the outcome of Hunters struggles to defin(‘ liis 
conceptions are often susceptible of more than onr 
inter[)retation. Nevertheless, on some })oints Hunter 
is clear enough. For examjde, he is of opinion that 
“ Spirit is only a property of matter" (“ Introduction 
to Natural History," p. G), he is prepared to renounce 
animism {l.c, p. 8), and his conception of life is so 
completely physical that he thinks of it as something 
which can exist in a state of combination in the food. 
“ The aliment we take in has in it, in a fixed state, 
the real life ; and this does not become active until it 
has got into the lungs ; for there it is freed from its 
prison" (“Observations on Physiology," p. lU)* 
He also thinks that “ It is more in accord with the 

1 “ Thcoria GenerationlV’ 1759. 
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general principles of the animal machine to suppose 
that none of its effects are produced from any 
mechanical principle whatever ; and that every effect 
is produced from an action in the part ; which action 
is produced hy a stimulus upon the part which acts, 
or upon some other part with which this part 
sympathises so as to take up tlie whole action” 
{Ic. p. 1 52). 

And Hunter is as clear as Wolff, with whose work 
lie was probably iina(*quaintod, that “whatever life is, 
it most c(‘rtainly does not depend upon structure or 
organisation” {Ic. p. 114). 

Of course it is impossible that Hunter could have 
intended to deny tlie existence of purely mechanical 
operations in the animal body. But wliile, with 
Borelli and Boerhaave, he looked upon absorption, 
nutrition, and secretion as operations effected hy 
means of tlie small vess(‘ls, he differed from the 
mechanical physiologists, who regarded these opera- 
tions as the result of the mechanical properties of the 
small vessels, such as the size, form, and disposition 
of their canals and apertures. Hunter, on the con- 
trary, considers them to be the effect of properties of 
these vessels which arc not mechanical but vital. 
“ The vessels,” says he, “ have more of the polypus in 
them than any other part of the body,” and he talks 
of the “ living and sensitive principles of the arteries,” 
and eyen of the “dispositions or feelings of the arteries.” 
“When the blood is good and genuine the sensations 
of the arteries, or the dispositions for sensation, are 
‘Agreeable.'’. . . It is then they dispose of the blood 
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to the best advantage, increasing the growth of the 
whole, supplying any losses, keeping up a due succes- 
sion, etc.” {l.c. p. 133 ). 

If we follow Hunter's conceptions to their logical 
issue, the life of one of the higher animals is essentially 
the sum of the lives of all the vessels, each of which 
is a sort of physiological unit, answering to a polype ; 
and, as hcaltli is the result of the normal “action of 
the vessels,” so is disease an ofle(;t of tlieir abnormal 
action. Hunter thus stands in thought, as in time, 
midway between Borelli on the one hand, and Bichat 
on the other. 

The acute founder of general anatomy, in fact, 
outdoes Hunter in his desire to exclude physical 
reasonings from the retilm o£>life. Exc(‘pt in tie* 
inteqiretation of the action of the sense organs, he 
will not allow physics to have anything to do with 
physiology. 

“To apply the physical sciences to physiology is 
to explain the phenomena of living bodies by tlu^ laws 
of inert bodies. Now this is a false principle, heneii 
all its consc(juences arc marked with the same stamp. 
Let us leave to chemistry its aflinity ; to physics, its 
(dasticity and its gravity. Let us invoke for physiology 
only sensibility and contractility.”^ 

Of all the unfortunate dicta of men of eminent 
ability this seems one of the most unhappy, when we 
tiiink of what the application of the methods ainl 
the data of physics and chemistry has done towards 
bringing physiology into its present state. It is not 
' “Anatomic gi'n/'mU',” L p. liv. 
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too much to say that one half of a modern text-hook 
of physiology consists of applied physics and chemistry; 
and that it is exactly in the exploration of the pheno- 
mena of sensiliility and contractility that physics and 
chemistry have exerted the most potent influence. 

Nevertheless, Bichat rendered a solid service to 
physiological progress by insisting upon the fact that 
what we call life, in one of the higher animals, is not 
an indivisible unitary archmus dominating, from its 
central seat, the parts of the organism, but a com- 
pound result of the synthesis of the separate lives of 
those parts. 

“ All animals,” says he, are assemblages of dif- 
ferent organs, each of which performs its function and 
concurs, after its fasl^on, in^tlie preservation of the 
wlK)le. I'liey are so many •special machines in the 
general niacliiiie which constitutes the individual. 

I hit each of these special machines is itself com- 
pounded of many tissues of very diiTereiit natures, 
which in truth constitute the elements of those organs ” 
(/.c. Ixxix.) ‘'Tlu' conception of a proper vitality is 
a[)[)li(*abh^ only to these simple tissues, and not to the 
organs themselves” [l.c. Ixxxiv.) 

And Bichat proceeds to make the obvious applica- 
tion of this doctrine of synthetic life, if I may so call 
it, to pathology. Since diseases are only alterations 
of vital properties, and the properties of each tissue 
Jire distinct from those of the rest, it is evident tliat 
the diseases of each tissue must be ditleront from those 
of the rest. Therefore, in any^irgan composed of 
diflercnt tissues, one may be diseased and the other 
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remain healthy; and this is what happens in most 
cases {Lc. Ixxxv.) 

In a spirit of true prophecy, Bichat says, “ We have 
arrived at an epoch, in which pathological anatomy 
should start afresli.” For, as the analysis of the organs 
had led him to the tissues, as the physiological units 
of the organism ; so, in a succeeding generation, the 
analysis of the tissues led to the cell as the physio- 
logical element of the tissues. ^Ilie contemporaneous 
study of development brought out the same result ; 
and the zoologists and botanists, exploring the sim- 
plest and the lowest forms of animated l)eings, con- 
firmed tlie great induction of the cell theory. Thus 
the apparently oi^poscd views, which have been 
battling with one anothef ever sjnee the middle of the 
last century, have proved to l)e each half the truth. 

The ju'oposition of Descartes that the l)ody of a 
living man is a machine, the actions of which an‘ 
explicable by the known laws of matter and motion, 
is uiu|ucstionaldy largely true. But it is also true, 
that the living body is a syntliesis of iniiumeral)le 
physiological elements, cacth of which may nearly l)e 
desci'ibed, in Wolff s words, as a fluid possessed of 
a “vis esscntialis,'' and a “ solidescibilitas” ; or, in 
modern i)hrase, as protoplasm susceptible of structural 
metamorphosis and functional metabolism : and that 
the only machinery, in the precise sense in which the 
Cartesian school understood mechanism, is, that which 
co-ordinates and regulates these physiological units 
into an organic whcHe. 

In fact, the body is a machine of the nature of an 
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army, not of that of a watch or of a hydraulic apparatus. 
Of tliis army each cell is a soldi(‘r, an organ a brigade, 
the central nervous system headquarters and field 
telegrapli, the alimentary and circulatory system the 
commissariat. ’TiOsscs are made good by recruits 
born in camp, and the life of the individual is a 
(campaign, conducted successfully for a number of 
years, but with certain defiant in the long run. 

The efficacy of an army, at any given moment, 
depends on the healtli of the individual soldier, and 
on the perfection of tlic machinery l)y which he is led 
and brought into action at the pro[)(‘r time ; and, 
therefore, if tlic analogy holds good, there can Ix' 
only two kinds of diseases, the one dependent on 
abnormal stales of tlj^e physiological units, tlie other 
on perturbations of their co-brdinating and alinicnta- 
tivc macliinery. 

Hence, tlic establishment of the cell theory, in 
normal biology, w<is swiftly followed by a ‘‘ cellular 
pathology,” as its logical counterpart. I need not 
remind you how great an instrument of investigation 
this doctrine lias })roved in the hands of the man of 
genius to whom its d(.‘velopment is due, and who 
would probably be the last to forget that abnormal 
conditions of the co-ordinative and distributive 
machinery of the body arc no less important factors 
of disease. 

Henceforward, as it appears to me, the connection 
of medicine with the biological sciences is clearly 
defined. Pure pathology is that •branch of biology 
which defines the particular perturbation of cell-life, 
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or of the co-ordinating machinery, or of both, on 
which the phenomena of disease depend. 

Tliosc who are conversant with the present state 
of biology will hardly liesitate to admit that tlio con- 
ception of the life of one of the higher animals as the 
summation of the lives of a cell a^^renate, brou<dit 
into harmonious action by a co-ordinative machinery 
formed by some of these cells, constitutes a permanent 
acquisition of physiological science. I5ut tlie last 
form of the battle between the animistic and the 
physical views of life is seen in the contention whether 
the i)hysical analysis of vital phenomena can be carried 
beyond this point or not. 

There arc some to whom living protoplasm is a 
substance, even such as^Ifarvcy conceived the blood 
to be, “summit cum procidentia et intelleetu in finem 
certum agens, (juasi ratiocinio quodam ; ” and who 
look with as littlo favour as lUchat did, upon imy 
attempt to apply tlie princi})les and the methods of 
physics and chemistry to the investigation of the vltiil 
processes of growth, metabolism, and contractility. 
They stand upon the ancient ways ; only, in accord- 
iincc with that progress towiirds democnicy, which a 
great political writer has declared to be the hitiil 
characteristic of modern times, they substitute ii 
republic formed by ii few billion of “aniinuhe’' fei’ 
the monarcliy of the all-pervading “anima.” 

Others, on the contrary, HUj>[)ortcd by a robust 
faith in the universal applicability of the principles 
laid down by Des?artos, and seeing that the actions 
called “vital” are, so far as we have any means of 
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knowing, nothing but changes of place of particles of 
matter, look to molecular physics to achieve the 
analysis of the living protoplasm itself into a mole- 
cular mechanism. If there is any truth in the 
rcccivccl doctrines of physics, that contrast between 
living and inert matter, on which Bichat lays so much 
stress, docs not exist. In nature, nothing is at rest, 
nothing is amorplious; the simplest particle of that 
which men in their lilindness arc pleased to call 
“])rutc matter” is a vast aggregate of molecular 
mechanisms performing complicated movements of 
immense rapidity, and sensitively adjusting themselves 
to every change in tlic surrounding world. Living 
matter differs from other matter in degree and not in 
kind ; the microcosm^ repeats the macrocosm ; and 
one cliain of causation connects the nebulous original 
of suns and planetary systems with the protoplasmic 
foundation of life and organisation.' 

From this point of view, pathology is the analogue 
of the theory of perturbations in astronomy; and 
tlierapcutics resolves itself into the discovery of the 
means l)y wliiih a system of forces competent to 
eliminate any given perturbation may be introduced 
into the economy. And, as pathology bases itself 
upon normal physiology, so therapeutics rests upon 
pharmacology ; whiclj is, strictly speaking, a part ot 
the groat biological topic of the influence ot conditions 
on the liviiK^ organism, and has no scientifie founda- 
tioii ajiart from physiology. 

It apjwars to mo that there Is no more hopeful 
iiidicatioif of the progress of mediciiic towards the 
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ideal of Descartes than is to be derived from a com- 
parison of tlic state of pharmacology, at the present 
day, with that which existed forty years ago. If we 
consider the knowledge positively acquired, in this 
short time, of tlie modus operandi of iirari, of atropia, 
of physostigmin, of veratria, of casca, of strychnia, of 
bromide of potassium, of phosphorus, there can surely 
1)0 no ground for doubting that, sooner or later, the 
[)liarmaeologist will supply the pliysieian with the 
means of affecting, in any desired sense, the functions 
of any physiological element of the body. It will, in 
short, become possible to introduce into the economy 
a molecular mechanism which, like a very cunningly- 
contrived torpedo, shall find its way to some particular 
group of living ehunewts, anj^ cause an explosion 
among them, leaving the rest untouched. 

The search for the explanation of diseased states 
in modified cell-life; the discovery of the important 
part played liy parasitic organisms in the retiology of 
disease ; the elucidation of the action of medicaments 
7y the methods and the data of (‘xperimental physio- 
logy; appear to me to be the greatest steps which 
have ever Ixicn irtadc- towards the estal)lishment of 
medicine on a scientific basis. 1 need hardly say they 
( ould not have been made except for the advance of 
normal biology, ^ 

There can be no question, then, as to the nature or 
the value of the connection-bctwecn medicine and the 
l)iological sciences. There can be no doulit that the 
future of pathology^and of therapeutics, and, therefore, 
that of practical medicine, depends upon fhe extent 
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to which those who occupy themselves with these 
subjects arc trained in tlic methods and impregnated 
with the fundamental truths of biology. 

And, in conclusion, I venture to suggest that the 
collective sagacity of this Congress could occupy itself 
with no more important question than with this ; How 
is medical education to be arranged, so that, without 
entangling the student in those details of the system- 
atist which arc valueless to him, he may be enabled 
to obtain a firm grasp of the great truths respecting 
animal and vegetable life, without which, notwith- 
standing all the progress of scientific medicine, he will 
still find himself an empiric ] 
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